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“Wimel ?-- | wonder ---: 


Come, Sir, after all your experience you should know better than to be in any doubt whatever 


as to what tips to use on your cutting tools. We’re surprised at you Mr. Production Engineer! 





Why, anyone knows, that is anyone, who is anyone 





that Wickmans were the original 
producers of carbide tools in this country, and that Wimet Brand Tool Metal is the best in the 
world. Yes, Sir, this particular brand of carbide was produced only after exhaustive chemical and 
physical laboratory tests. Consider the effect that the use of Wimet Tips will have on your 
production, making for greater speed and accuracy as they do. Again, from the point of view 
of a very effective economy, Wimet tips have no equal on account of their long working life 


between regrinds. Try though you may 






Sir, you will find nothing to touch Wimet, 






and once you have used it ycu will never 


ym" 
= ° Md 







again have any doubt as to what is 


the finest tool metal ever produced. 


Wickman 
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IMPROVING FATIGUE STRENGTH OF MACHINE PARTS 


By J. O. ALMEN, Research Laboratories Division, General Motors Corporation, Detroit, Mich. 
(From Mechanical Engineering, Vol. 65, No. 8, August, 1943, pp. 553-563.) 


In dynamically loaded parts, we are not getting more 
net work from our metals to-day than was obtainable a 
generation ago. The basic useful strength of our 
structural materials remains unaltered. 

Although no superstrength alloys have been dis- 
covered, and no such discoveries seem to be imminent, 
there is much that can be done to increase materially the 
fatigue strength of many machine parts made from our 
ordinary structural materials. This fatigue strengthen- 
ing does not require changes in design or in material, 
itis merely the extension of processes and practices that 
are now known to reduce fatigue strength. The 
significance of these processes has only recently become 
clear through the introduction of new concepts of fatigue 
phenomena. ‘These new concepts are : 

(1) Fatigue failures result only from 
stresses, never from compressive stresses. 

(2) Any surface, no matter how smoothly finished, 
is a stress raiser. 

Fully 90% of all fatigue failures occurring in service 
or during laboratory and road tests are traceable to 
design and production defects and only the remaining 
10% are primarily the responsibility of the metallurgists 
as defects in material, material specification, or heat- 
treatment. 

There is no definite line of demarcation between 
mechanical and metallurgical factors that contribute to 
fatigue, and there must therefore be very close co- 
operation between the metallurgist and the engineering 
fatigue specialist, if such there is, or the metallurgist 
must possess the qualifications of the metallurgist, 
designer and machinist. 


tension 


Fatigue Vulnerability. 

The surfaces of repeatedly stressed specimens, no 
matter how perfectly they are finished, are much more 
vulnerable to fatigue than the deeper layers. The 
vulnerability of fatigue increases as the surface rough- 
ness is increased, particularly if the roughness consists 
of sharp notches, and more particularly if the notches 
are oriented at right angles to the principal stress. 

The practice of carefully finishing fatigue-test 
specimens and engine parts is a recognition of this 
vulnerability, even down to assuring that the final 
polishing marks are parallel to the direction of the 
applied stress. Specimens finished in this manner 
have come to be known as “par” bars. This name 
implies that fatigue specimens and machine parts 
approaching perfection in finish give the highest possible 
atigue endurance for any particular material, and 
that they accurately measure the ultimate fatigue 
properties of that material. 

It can be shown, however, that the so-called par 
bars are not the best specimen, but that influences akin 
to notches, in so far as fatigue vulnerability is concerned, 
are retained by the bar specimens. This may be due to 
submicroscopic-notch effects or to the fact that the 
surface is a discontinuity since the outer crystals are not 
supported on their outer faces. Whatever the reason 
for a surface vulnerability, the evidence of its existence 
Is strong. 


Fatigue Life Increased. 

The fatigue strength of the most carefully prepared 
specimen will be increased if a thin layer of the specimen 
18 prestressed in compression (1)* by a peening operation, 
Swaging, shot-blasting or tumbling, or by pressure 
operations by balls or rollers. This increase in fatigue 
strength resulting from the surface layer being stressed 
M compression is clearly shown by the S-N curves, 


* Numbers in parentheses refer to the Bibliography at the end 
of the paper. 


Fig. 1, which compare normally finished railway axles 
with axles that had been subjected to a rolling operation 
(2). This and many other tests show that the com- 
pressive-stressed surface is effective in increasing the 
fatigue strength, whether applied to highly finished 
specimens or to specimens having rough surfaces. 
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The bar chart, Fig. 2, records the increased fatigue 
durability resulting from shot-peening of a few typical 
machine parts. Similar fatigue results have been 
obtained from a large variety of machine parts and from 
aluminium specimens, and there are reasons to expect 
that the treatment is equally effective for all metals. 

The bar chart, Fig. 2, shows the fatigue durability 
increase as percentage gain above the durability of the 
same machine part before peening. Actually, durability 
comparisons cannot be made on the percentage basis 
alone, as is apparent when we examine the following 
case. 

Suppose that the average fatigue durability of a gear 
tested at high load is increased from 30,000 cycles to 
70,000 cycles by suitable surface peening, a gain of 
130%. Now, if this comparison is made at a lower 
load such as to cause initial failure at 300,000 cycles, the 
treated gear might run 6,000,000 cycles before failure, a 
gain of possibly 2,000%. This is because of the 
difference in slope of the fatigue curve representing the 
normal gears and the fatigue curve representing the 
peened gears. 
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Explanation of Peening Effectiveness. 


The most plausible explanation of the effectiveness 
of surface compression stress (3) is that, when a load is 
applied to such specimens the tension stress in the 
surface layer is less by the amount of the compression 
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prestress and since fatigue starts from tension stress the 


fatigue durability of the weak surface layer is increased. 


Féppl (4) shows that the fracture in rolled specimens 
does not originate at the surface, but in the material 


below the prestressed layer as would be expected if the 
surface is sufficiently prestressed in compression. 


The situation can perhaps be clarified by the use of 


the conventional text-book stress diagram of a loaded 


beam, as illustrated in Fig. 3, in which a beam supported 


at the ends is loaded in the central plane, P, P;. The 
stress at any point in the beam is measured by the 
horizontal distance from the plane P, in which the load 
is applied, to the diagonal line T,C,. The distance 
PC, represents the compressive stress at the upper 
surface, the stress at the neutral axis 00 is zero, and the 
tension at the lower surface is represented by the 
distance T,P,. 
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While this is a satisfactory enough stress diagram for 
static loads, it does not agree with the behaviour of 
fatigue specimens. However, if we modify the diagram 
Fig. 3 as is shown in Fig. 4, in which T,T, represents 
an added increment of tension stress in the surface, we 
have a reasonable representation of the surface fatigue 
vulnerability. For a sharply notched surface, the 
additional stress increment T,T, is relatively great. As 
the surface roughness is decreased the increment T,T, 
is relatively great. As the surface roughness is decreased 
the increment T,T, decreases, but no matter how well 
polished the specimen may be, there still remains an 
additional surface stress as measured by fatigue tests. 


Stress Patterns. 








re 
Fig. 5 represents P| 
the residual-stress pat-_|. 
tern in an unloaded js 2 + 
beam that has been 1? PI r 
rolled or peened, as COMPRESSION—= 





has been described, in Py Ci Ce 
which C;P and C’;P’ ’ 
represent the magni- 
tude of compressive 
prestresses and T;A 
represents the magni- et 
tude of the tension “ | 
prestress to balance the 
compression stresses in Fie. 4 
the surface. After this 18. 
beam has been loaded from either side through 1 stress 
cycle, as in a reversed fatigue test, the compression pre- 
stress will be reduced if the applied load raises the total 
compression stress above the yield point. The stress 
diagram for such a prestressed beam supporting an 
external load is shown in Fig. 6 in which the effective 
tension stress T, at the surface may be less than the 
stress T, below the surface, in which case failure would 
start below the surface as noted by Féppl. The neutral 
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axis is displaced from the geometric centre of the beam 
and the tension stress T; below the surface is greater 
than in the beam that had not been prestressed, ag jg 
shown by the dotted lines. 

The magnitude of the sub-surface tension stresg jn 
a loaded beam having prestressed surfaces will vary with 
the amount of compression prestress and with the depth 
of the prestressed layer. Fig. 7 shows that the sub- 
surface tension stress may be greater for a deeply 
prestressed layer than for a layer of lesser depth. 

Further evidence of the extra vulnerability of the 
surface layer is found in the behaviour of specimens 
having increased strength in a thin surface layer, as 
thinly carburized or cyanided specimens, or in thinly 
nitrided specimens. Fatigue failures in such specimens 
also start below the surface and show greater fatigue 
strength than the same material in the unclad state. A 
nitrided specimen is probably superior to the other 
forms of hard cladding because, in addition to the higher 
physical properties of the surface layer, this layer is ina 
state of compression, ard it is therefore less notch- 
sensitive. 

Residual Thermal Stresses. 

By a rapid quench, it is possible, through thermal 
contraction alone, to trap compressive stress in the 
surface and corresponding tension stress in the core, 
but this method, although showing some benefit in 
fatigue, is not so effective as the other methods that 
have been discussed. 

The use of surface compression stress by heat-treat- 
ment through thermal contraction alone, e.g., tempered 
glass which, because of its great strength, is used in 
some parts of modern automobiles. This glass is pre- 
pared from normal glass by cooling the surfaces rapidly 
by means of air jets. The cooled surfaces contract 
causing the relatively plastic centre to yield in com- 
pression. As the centre of the glass cools and con- 
tracts, it becomes stressed in tension with consequent 
compressive stress in the surfaces. 


Prestressing May Be Overdone. 


Papers have been published showing that cold- 
working of the surface so as to produce a layer stressed 
in compression increases the fatigue strength of the 
parts to which it is applied, but we are not told the 
amount of the prestress or the depth of the pre- 
stressed layer. Both of these values are presumably 
important in obtaining optimum results for any particu- 
lar specimen, but it is probable that the values should 
not be the same for all sizes of specimens, for all materials 
or for hard and for soft specimens. 

Instances are known in which the strength of 
machine parts and specimens has been decreased by 
too intense surface peening. Fig. 8 is presented as 
showing the probable effect of peening or rolling, 
particularly on thin sections. The fatigue strength is 
increased as the intensity of peening or rolling is in- 
creased, until a maximum improvement is obtained. 
With more intense peening or rolling the fatigue 
strength rapidly decreases below the original strength, 
and the part will be damaged because of excessive 
internal tension stresses. 

It would therefore seem important to control the 
compression-stressed layer, as to stress magnitude and 
depth, with considerable accuracy by proper selection 
of the curvature of the rolling or peening instruments 
and by the pressure that is applied. 

The depth of the stressed layer is probably roughly 
proportional to the instantaneous area over which the 
pressure is applied, and to the pressure intensity. The 
depth of the compression-stressed layer in a railroad 


‘rail (5) should be greater than the depth of the com- 


pression-stressed layer in the same material if sm 
rollers at the same pressure intensity were used instead 
of large car wheels. 
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Instrument Measures Peening. 

A simple and practical method for indicating the 
compression in the stressed layer consists of a thin flat 
strip, Fig. 9 (B), that is attached to a heavy base, Fig. 9 
(A). This strip is rolled or peened with the same 
intensity that is given to the machine part, and when it is 
removed from the base it will be found to be curved as 
in Fig. 10 (A) with the convex surface on the cold- 
worked side. The curvature of the strip may be 
measured by an indicator, shown in Fig. 11, which can 
then be interpreted in terms of the depth of the stressed 
layer. 

"The chart Fig. 12, records the stress magnitude and 
the depth of the stressed layer at constant cold-work 
intensity of two such test strips. The cold-worked 
surfaces of these strips, the Rockwell C hardness being 
respectively 64 and 40, were homed away in small 
increments and the curvature was measured with the 
removal of each thin layer. The changing curvature 
as metal was removed provided data from which the 
compressive stress in each layer could be calculated 
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Fig. 8 (above) 
Fig. 9 (right) 


STRIP 


with the results shown in the chart. As would be 
expected, because of the higher yield point, the harder 
specimen was found to be more highly stressed than the 
softer specimen. 

Also shown in this chart is the surface compressive 
stress in a nitrided specimen as a result of the nitriding. 
The procedure for this experiment was the same as for 
Measuring the stress due to peening, except that the 
face of the specimen that was in contact with the heavy 
base was plated to limit the nitriding to the outer face 
of the strip. On removal from the base after nitriding, 
the strip was curved convex on the nitrided side as is 
shown in Fig. 10 (B). It seems therefore that the well- 
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known resistance of nitrided specimens to fatigue is 
primarily due to the compressively stressed surface 
layer. 


Overdose of Nitriding. 


Although the usual experience with nitriding is that 
it greatly improves fatigue strength, it is possible to 
overdo nitriding just as it is possible to overdo surface 
stressing by peening and rolling. The high compres- 
sive surface stress that results from nitriding must, of 
course, be balanced by internal tension stress of equal 
total value. When deep nitriding is applied to light 
sections the unit internal tension stress may reach 
dangerous proportions. 

Fig. 13 shows a part that was greatly reduced in 
strength as a result of nitriding, its fatigue durability 
being only 1% or 2% as great as the fatigue durability 
of the same part not nitrided. The diameter of the part 
at the point of failure was approximately 4 in. The 
depth of the nitrided layer was about 0.020 in., the area 
of which is equal to 60% of the area of the sections as is 


Fig. 10 (A) Cold-Worked 


BASE 





Fig. 10 (B) Nitrided 
shown by the circle in the enlarged view. From the 
nitriding compressive stress diagram, shown in Fig. 12, 
it is evident that the internal tension stress must have 
been very great. 


Residual Stress from Honing. 


While the peened specimens used for the experiment, 
Fig. 12, were being honed as has been descrited, it was 
found that the strips did not fully recover taeir original 
flat form. It can be proved that honing produces a 
compressively stressed layer. The approximate magni- 
tude of this honing stress is also shown in the chart, 
Fig. 12. 
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Residual Stress from Carburizing. 


The carburized layer in a carburized part is stressed 
in compression, as is graphically shown in Fig. 14. Two 
opposite faces of this }-in. square specimen were 
carburized, while the other two faces were protected by 
copper-plating. The specimen was quenched and 
tempered in the usual manner, after which it was split 
with a saw, as shown in Fig. 14 (B). Analysis of the 
internal stresses in another carburized member by a 
method similar to that described for peened and nitrided 
strips indicated the internal stress pattern shown in 
Fig. 15. Of interest here is the magnitude of the 
compressive stress in the carburized layer, and the 
reduced compressive stress, possible even tension stress, 
in a thin surface layer. When carburized parts such as 
bearing races, wrist pins, and gear teeth are ground we 
may expect the surface to be stressed in tension, as is 
indicated by the dotted lines shown at the right in 
Fig. 15. 
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The residual stress in crankshafts and other parts 
hardened by induction heating and probably also in 
flame-hardened parts, resembles the residual stress in 
carburized and hardened parts, as shown in Fig. 16. 
The hardened upper surface of this specimen was 
straight at the original thickness. Note that after 
removal of the material indicated by the dotted line, 
the upper surface is curved convex, indicating com- 
pressive stress. 

With internal stresses of the magnitude shown in 
Fig. 15, we can readily understand why carburized 
parts are prone to warp during heat-treatment, especially 
if the design is not symmetrical with respect to the 
internal stresses. 
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Low Temperature Quenching Stresses. 


Residual stresses due to quenching from relatively 
low temperatures may reach considerable magnitudes, 
and may be harmful or helpful to fatigue durability 
depending upon whether the trapped stresses augment 
or diminish the tension stresses from the applied loads, 
An interesting case of this kind occurred in a water- 
cooled aluminium cylinder head, Fig. 17, that failed by 
fatigue on the water side of the combustion-chamber 
wall. Measurements of residual stress disclosed that 
the water side of the combustion-chamber wall was 
stressed in tension and the combustion-chamber side 
of the wall was stressed in compression. This internal 
stress pattern was one of the same kind as the stress from 
the gas pressure against the combustion-chamber wall, 
and the resultant stress was therefore the sum total of 
the residual stress and the gas pressure stress. 

A visual indication of the residual stress pattern is 
shown by the scribed arcs at the left in Fig. 18. These 
arcs were drawn from centres in a steel bar bolted to 
the opposite side of the casting section, as shown in 
Fig. 17. The arcs indicated by the numeral 1, Fig. 18, 
were drawn when the cylinder head was intact. The 
casting was then sectioned, as shown in Fig. 17, except 
that the outer side of the weter jacket had not been cut 
and the arcs indicated by the numeral 2, of the same 
radius as before, were drawn. Finally, the outer side of 
the water jacket was removed and the arcs indicated by 
the numeral 3, still of the same radius, were drawn. 
Note the direction of movement of the metal with each 
operation, and the order of the stress that is indicated. 

As a correction of the undesirable residual stress 
shown by this test, another cylinder head was given the 
same heat-treatment except that it was quenched in- 
ternally by forcing cold water -through the. water jacket. 
The order of internal stresses was measured in the same 
manner as has been described with the results shown at 
the right in Fig. 18. Note that when internally quenched 
the stress pattern in the combustion-chamber wall is 
reversed, leaving the inner side in compression and the 
outer side in tension. Since these trapped stresses are 
of opposite sign to the operating stress the resultant 
stress is the difference between the residual and operating 
stresses instead of their sum as when the casting was 
quenched externally. 
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Fig. 19 


Fatigue Life Increased. 

Fatigue tests were conducted on cylinder heads 
quenched by both methods, the results of which were 
2,000,000 to 3,000,000 stress cycles to failure for the 
externally quenched heads and 5,000,000 to 6,000,000 
stress cycles for the internally quenched heads. 

Additional fatigue tests were made on internally 
quenced heads in which the ageing treatment at 350° F. 
was omitted in order to avoid reduction of the favour- 
able stress pattern. These heads endured more than 
14,000,000 stress cycles at the same test load without 
failure. 

Similar residual stresses are known to occur in many 
other heat-treated and quenched aluminium parts. It 
is also known that many aluminium parts show better 
fatigue resistance when they are drawn to a higher 
temperature than that which gives the greatest tensile 
strength, presumably because unfavourable residual 
stresses resulting from quenching are thereby reduced. 
Itis probable that similar stresses can be trapped in steel 
by quenching from tempering temperatures (6). Such 
residual stresses may be favourable or unfavourable 
depending upon the shape of the part, the temperature 
gradient, and the direction of heat flow. 


Corrosion Promotes Fatigue. 

Fatigue failures in many machine parts are traceable 
to corrosion of several kinds or to other forms of surface 
damage that occur in service. The damaging effect of 
corrosive or bruising is prevented on the surfaces that 
are adequately protected by compressive prestress 
because the local tension stress cannot reach dangerous 
values until the pits or bruises have progressed suffi- 
ciently to penetrate the compressively stressed layer. 
Peening does not prevent corrosion, but it does prevent 
the ill-effect of corrosion in promoting fatigue. 

Similar protecting against the effects of corrosion 
and of surface bruises is afforded by nitriding (7), 
carburizing, and other treatments that produce com- 
pressively stressed surfaces. 


Surface Finishes. 


Efforts to improve products by improving surface 
finish may sometimes have the opposite effect. Highly 
finished surfaces and fillets may lead to a false sense of 
security if, as the result of machining or straightening 
operations, the parts have high internal stresses of the 
wrong kind. 

When machine-polishing is done by the use of 
abrasive paper or cloth wheels, or abrasive-covered felt 
Wheels, sufficient heat is often generated to induce 
serious surface tension stresses, thus promoting instead 
of preventing fatigue failures. 
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Fig. 20 


In ground surfaces such as shafts, wrist pins, and 
gear teeth, the grinding operations may introduce high 
surface tension stresses that from the standpoint of 
fatigue strength often do more harm than good. 

Fig. 19 reproduces a magnaflux transfer print on 
transparent cellulose tape showing surface fractures in 
a ground gear tooth. This tooth failed by spalling 
originating in these surface fractures. Since fatigue 
cracks start on the side of the gear tooth that is loaded 
in tension, the effective stress is the grinding prestress 
plus the working stress. 

The magnitude of surface tension stress in a specimen 
that was ground in accordance with normal commercial 
practice is shown in Fig. 20. A specimen of annealed 
spring stock +; in. thick, 1 in. wide, and 7 in. long was 
ground to a depth of 0.002 in. After grinding, the 
previously straight specimen was found to be curved 
concave on the ground side indicating tension stress. 
Very thin layers were then removed from the ground 
surface by hand honing until the specimen regained its 
initial straightness. Measurements of the change in 
curvature with each thin layer removed permitted 
calculation of the stress distribution, as is shown in the 
chart. 

Obviously, a stress of 270,000 psi, a stress just below 
fracture point of full hard steel, could not be supported 
by the steel in the annealed state, from which it follows 
that the stress layer was hardened by the heat cycle of 
the grinding operation to not less than Rockwell C 55. 
The extreme thinness of the hardened layer presents an 
interesting problem in hardness measurement as is 
shown in Table 1. 


TABLE 1.—Measurements of Hardened Layer. 


Unground. Ground. 
Rockwell B. .. ae 88 89 
Rockwell C. .. wa 5 5 
Vicker’s Brinell 193 199 


This Table demonstrates the futility of our normal 
hardness-measuring technique for measuring the hard- 
ness of the most significant portion of our machine parts, 
the surface layer. 

Machining Damage. 

In turning, milling, and other machine operations, 
it is necessary that metal be removed at a minimum cost, 
and therefore the cutting tools must often take deep 
cuts at high-feed rates. This results in serious internal 
stresses to considerable depths after machining. Finish- 
machining or grinding rarely goes deep enough to 
remove the internally stressed metal from previous 
rough-machining, and, of course, these finishing 
operations add stresses of their own. 

In connection with machining damage, an interesting 
and perhaps important observation has recently been 
made which indicates that the layer “injured” by 
machining is deeper than is generally believed. It also 
shows that the “ injured ” material does not recover by 
heating for long periods at high temperatures. Fig. 21 
(a) shows a bar of steel as it appeared after rough- 
machining ona shaper. This piece was then carburized 





(a) (b) 
Fig. 21 
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in oil, and drawn. The machined surface was then 
ground in a direction at right angles to the shaper marks 
to a depth of 0.0055 in. below the last visible tool mark, 
after which it was polished, as shown in Fig. 21 (b). 
Finally, the polished surface was shotblasted, where- 
upon the machining marks (vertical lines) and the 
grinder marks (horizontal lines) reappeared as shown in 
Fig. 21 (c), showing that the material is not uniform in 
resisting the shotblasting, notwithstanding the long 
period at elevated temperature. 


Gear-Tooth Pitting. 


The pitting of gear teeth is a form of fatigue that is 
induced by tensile stress from compression loads on the 
contacting tooth surfaces. The magnitude of the com- 
pression stress varies with relative curvature of the 
contacting teeth in accordance with the Herz formula ; 
it varies with the degree of load concentration at the 
ends of the teeth and with the applied load. 

In high-speed gears, pitting may occur when gears 
are transmitting no load. This is sometimes seen in the 
reverse idler gear of the automobile transmission. 
Although this form of transmission trouble is rare, and 
occurs only when other conditions, such as hardness, 
are unfavourable, it serves to emphasize the part played 
by the lubricant in promoting fatigue. A reverse idler 
running submerged in oil will trap the oil between the 
gear teeth, and if the clearances are small will induce 
extremely high surface pressures. We are all familiar 
with the high temperatures that are generated in gear- 
boxes when too generously supplied with oil, but we do 
not always interpret this as a fatigue hazard. High- 
speed gears should be lubricated by jets of low-viscosity 
oil directed at the teeth as they are coming out of mesh, 
not on the incoming side. This form of lubrication 
will wash away the heat of friction while it is still on the 
surface of the teeth. 


Fatigue Tests on Machine Parts. 


It is probable that fatigue studies will play increas- 
ingly important parts in future designs; but these 
studies will be based on fatigue tests of actual, full-scale 
machine parts instead of on laboratory specimens. 

Fatigue tests of full scale machine parts have been 
made by many laboratories for a long time, but, since 
these tests have usually been made for the purpose of 
comparing one material, design, or process with another 
material, design or process, the tests have been run at 
arbitary constant loads without thought to the fatigue 
curve characteristics, and often without adequate 
correlation with service requirements. Because of this 
procedure, we have made little use of the vast quantities 
of such fatigue data as are now locked in our files, in so 
far as establishing a basis for evaluating material, 
design, or process for the future is concerned. 

In the few cases where fatigue data on machine parts 
have been properly organized, we find that they reveal 
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astonishing amounts of fundamental information aboy 
the many variables that are present in machine elements 
many of which are not even qualitatively revealed by 
ideal laboratory fatigue specimens. 


Fatigue Data are Mortality Data. 


Fatigue data are mortality data, and it is just as 
absurd to expect that reliable actuarial tables can be 
constructed from mortality data on a half-dozen jp. 
dividuals as to expect that reliable comparisons can be 
made from fatigue tests on a half-dozen machine parts 
Heindlhofer and Sjévall (10) have shown life-expectancy 
curves for commercially identical ball-bearings, fo; 
commercially identical mazda lamps, and for human 
beings. These curves are shown in Fig. 22, in which 
the ordinate is the percentage of units surviving and the 
abscissa is durability in per cent. of average life. 

Fig. 23 is a life expectancy chart at constant load for 
commercially identical transmission gears in complete 
automobile transmissions, for commercially identica] 
rear-axle gears in complete automobile rear axles, for 
commercial automobile fan belts (11), for commercially 
identical bolts, and for a group of ideal laboratory fatigue 
specimens. Similar life-expectancy curves will result 
whether applied to mountain ranges or to the hairs on 
our heads. 

Although the general form for all life-expectancy 
curves is the same, they differ in detail. Note that the 
expectancy curves for machine parts, Figs. 22 and 23, 
do not extend to zero life as is the case in the human 
expectancy curve. Infant mortality is avoided in 
machine parts because the parts, having a low potential 
life, are rejected by factory inspection, a practice that 
is not followed for humans. 


Variation in Durability. 


Another important difference is the relative life span 
for various machine parts. Note that for automobile 
rear-axle gears the life span of the most durable unit 
was about four times the life span of the poorest unit, 
but for automobile transmission gears the life ratio from 
the best to the poorest was about 15 to 1, that is, child- 
hood mortality is higher in automobile transmission 
than in automobile rear axles. 

The percentage variation in life of machine parts 
will change as the test load or load range is changed. 
When tests are conducted at high load or high load range 
to produce fatigue failure after relatively few stress 
cycles, the percentage variation from the best to the 
poorest will be less than if the test is conducted at a 
lower load to produce fatigue failure after a relatively 
large number of stress cycles. 

In the class of light machines, where weight must be 
conserved, it will probably never be possible to design 
mechanisms to withstand all the abuses that are en- 
countered in service. If an aeroplane engine, for 
example, should be so sturdily designed that the shortest- 
lived of each of its numerous parts would be failure- 
proof under all the abusive conditions that may be 
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experienced in service, the engine would be so heavy 
4s to be impractical. 


Insufficient Test Data. 


Reliable life comparison of machine parts demands a 
large number of tests unless the life difference is very 
eat. It is obvious from mortality charts that, on 
the basis of a few tests, the poorer design, material, or 
process may rate higher than the better design, material 
or process. Yet nowhere in the literature do we find 
fatigue data approaching even the minimum require- 
ments of reliability. The reason is largely that most of 
the investigations in this field, particularly in work on 
seel, assume that we have no interest in data at any 
sess except the stress at which the specimen will 
endure indefinitely. 

In practical fatigue-testing of machine parts, it 
should be obvious that comparisons of material, design, 
or processes cannot be made unless the tests are run to 
failure, and the comparisons are made on the number of 
stress cycles each will endure. Since all representative 
tests are made at loads that result in failure by fatigue, 
our interest lies not in the fatigue endurance limit where 
for steel, under most test conditions, life is infinite, but 
in that portion of the fatigue curve to the left of the 
“knee” where life is finite, that is, the sloping part of 
the curve. 
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NON-DESTRUCTIVE MEASURING METHODS FOR ANTI- 
CORROSIVE COATINGS 


By Dr. D. SCHENK, Berlin. 


Tue thickness of anti-corrosive coatings is usually 
measured by chemical and metallographical methods. 
In the case of the first method the coating is dissolved 
chemically by a re-agent which will not affect the 
basis material. The specimen is weighed before and 
after stripping, and the thickness is determined by the 
loss in weight. With the metallographic method, 
a specimen is cross-sectioned, polished and then the 
thickness is measured with a microscope. The dis- 
advantage of both methods is that the specimen is 
destroyed. In the present article the author will only 
deal with methods by which the coating is not destroyed. 


Capacity Method. 


This method may only be used for insulating layers, 
eg., enamels. The layer is connected in an electric 
circuit as the dielectric part of a plate condenser. 
Thickness is determined according to 























ime 


Fig.1. Measuring Coatings with the Capacity Method. 


(From Maschinenbau, Der Betrieb, Vol. 22, No. 1, January, 1943, p, 15-18.) 


where D=thickness, ¢=dielectric constant, F =surface 
and C=capacity. 

On the coating to be measured an electrode is placed 
with which it is in intimate contact. Air spaces must 
be avoided, even if they are only of several thickness, 
as they would give rise to considerable errors. The 
size of the electrode may be chosen conveniently, 
e.g., 10 mm.?. Most suitable is a mercury electrode, 
consisting of a suitable holder filled with mercury. 

As there are thicknesses under 10m to be measured, 
usual capacity bridges may not be used, as the voltages 
are too high and would pierce the coatings and such 
piercing would result in surface unevennesses. 

A suitable measuring circuit consists of a small 
emitter b, (Fig. 1) coupled to a receiver b,. The emitter 
is a normal back-coupled system. There is inductive 
coupling with the receiver, i.e., a valve working on the 
lower bend of its characteristic. For tuning the 
condenser c, is used, and resonancy is indicated by 
a milliammeter d. The condenser to be measured is 
connected to the terminals e and f, and the system is 
re-tuned by turning back c, until the milliammeter 
indicates resonance conditions again. The amount by 
which c, has been turned back is equal to the additional 
capacity introduced bye, f. By loose coupling a voltage 
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Fig. 3. Device for measuring Fig. 4. Measuring with 
the dielectric constant of thin X-rays. 

foils. (a) Copper foil with lac- (a) X-ray tube; (6) 
quer; (b) Iron pad; (c) Ebonite Test-piece; (c) Film; 
pad; r, andr, Tubularholders (d) Control sample; (e) 
filled with Mercury. Control film. 


of about 1 v. at e, f may be obtained. Normal triodes, 
heated either directly or indirectly, are used. 

The measurings may be influenced by the capacities 
of the connections. The condenser may be connected 
in the circuit to avoid this error by pouring mercury in 
the holder, or, with a suitable type of holder, by turning 
it by 180° (Fig. 3). Another source of error is caused 
by the fact that the electrode has no guard rings; but 
a simple calculation proves that with a very close ring 
the difference as compared with the device used is only 
some 2%. This discrepancy may be overlooked, as 
a sufficiently small protective ring would be very 
difficult to construct. 

For measuring the thickness of a coating, the whole 
device must be calibrated. This means that the relation 
between D, e and C must be shown. Therefore a 
specimen must be produced and its thickness measured 
first mechanically and then electrically. However, it is 
not possible to obtain permanent graphs, as has been 
shown by a series of tests, recorded in Fig. 2. These 
graphs have been obtained with lacquers on thin copper 
foils of known thickness. To measure the dielectric 
constant, a system as shown in Fig. 3 was used. Atais 
placed the lacquer-coated copper foil, and by turning 
the holder by 180° the mercury pours into the tubes 
r, and r, and forms the condenser. 

The upper graph (Fig. 2) shows the dielectric 
constant for a lacquer film placed on the copper foil. 
If the foil is dissolved in an acid and the film is measured 
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Fig. 6. Scheme of a gauge for measuring Coating 

thickness. (a) Conical base for coatings ; (b) Measuring 

ring ; (c) Coating to be tested; h, and h, distances 
characterising position of the ring. 


again, the lower graph is obtained. The dielectric 
constant of the free film is smaller than that of the 
film based on the metal foil. The cause of this effect 
may be internal potential differences, which cause a 
dielectric polarisation and thus influence the dielectric 
constant. By checking the geometric dimensions, only 
a small reduction of the film length could be found, 
but no measurable reduction of thickness. 

In conclusion, it may be stated that comparative 
measurings or measurings of the repartition of coatings 
may chiefly be carried out. An intimate knowledge of 
the dielectric behaviour of the lacquer is necessary, 
however, and it is advantageous if a control with 
standard specimens of known thickness is possible at 
any time. 


Use of Reflected X-Rays. 


With the X-ray method, metallic coatings on iron 
are investigated. The underlying principle will be 
explained by an example of zinc-plated iron. If an 
X-ray meets such a specimen, it is partially reflected 
on the zinc surface, while the rest of the radiation 
traverses the zinc, is partially absorbed on the way, 
and reflected by the iron. The reflected radiation 
traverses the zinc, is again partially absorbed, and is 
finally received by an X-ray indicated, e.g., a photo 
graphic film (Fig. 4). The difference of the blackening 
by the two radiations is particularly pronounced if 
a wavelength is used which is at the same time a wave- 
length of a radiation of the basis material. For iron 
the radiation of copper may be used for this purpose. 

For actual tests the radiation of an X-ray tube (Fig. 4) 
apasses a diaphragm, falls upon a sample b and is reflected 
towards a film c. On a second aperture of the tube 
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similar measurement is made on always the same 
specimen d in order to control the constancy of the tube. 
To measure coatings, the unknown layer b is X-rayed 
and with the same photographic film standard specimens 

6 [having coatings of known thickness are X-rayed after- 
zh wards. After development, the blackening is measured 
with a photometer. 

With a Zeiss recording photometer, the indications 

of the instrument are inversely proportionate to the 
blackening of the photographic film and proportionate 
to the coating thickness. A zinc layer is thus measured 
by making photographs of the specimen, and of speci- 
mens with known coating on the same film, as well as 
of uncoated iron. Exposure time is five minutes in all 
| cases. Zinc coating thicknesses up to 10 may be 
. , [measured ; aluminium on iron up to 80u. 
-Oating § §=The method is hampered when there are larger 
asuring B pores in the coating. On the other hand, the region 
stances § measured may be very small, so that nearly pin-point 
measuring is possible. 

The method could be perfected by use of an 
electric § ionisation chamber or of a counting tube as indicators. 
of the—® Such an indicating instrument could be marked 
$ effect § directly in 4. 
ause a How far the method is suitable for other coatings, 
electricf such as chromium, copper, nickel, etc., is still under 
s, only § investigation. : 
found, Mechanical Gauge. 


arative To control and calibrate the two methods described 
oatings} it is necessary to have specimens with coatings of 
xdge off known thickness. To obtain these a special gauge was 
essary, developed using conical specimens. If a ring 6 is 
1 with allowed to slide over a cone a (Fig. 6) it will go to a 
ible at— certain depth 4,. If the cone is coated with a layer c, 
the same ring goes only as far as h.. The difference 
h,—h, indicates the thickness, according to D=4$K 
(tj —h;) where K=conicity. If K=50 this formula 
n iron becomes 


vill be h, —h, 
If an 2 
flected 100 


diation According to this principle, the special gauge (Fig. 7) 
© Way, § was developed. The ring a is reduced to three contact 
diation § surfaces of about 2x3 mm. each. Having only three 

and is B contact points gives more exact measurings than a 

photo- § whole ring. The ring is secured to two rods 6, which 

Kening & are guided in a block c. The ring with the inserted 

ced If specimen d may easily slide in each direction. 

wave: For measuring, the uncoated specimen is inserted 

or 100% in the ring and manually pressed against an abutment 

wef by means of a plug e. The spring f presses the test 

- } specimen in the ring always with the same force. The 

| ay dial gauge g indicates the position of the specimen with 

tube 2% regard to the ring. The same measuring is repeated 

after coating the specimen. The difference h, —h,, 

measured by the gauge, gives the coating thickness for 

the region, where contact between the specimen and 
the ring is established. 

/@ {| Temperature differences may influence the measur- 
Ings considerably. A variation by 1° C. changes the 
ting diameter by about 0.34, i.e., coating thickness is 
influenced by 0.154. Therefore, gauge and specimen 

mem Must have the same temperature for both measurings. 
The measurings may also be carried out in the inverse 
order, i.e., the coated specimen may be measured first, 

3 the coating dissolved afterwards, and then the cone 

© @ Measured again. 

With the gauge here described baked lacquers can 
be Measured in order to investigate relations between 

_ Bi the viscosity of the lacquer when dipping is carried out, 

i! thickness and the Duffek index of porosity in amperes. 
he results for plain and for phosphate-coated specimens 


ip plain 
Soa are recorded in Fig. 9 and in Table I. The graphs 
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Fig. 8. Measuring ring of the gauge (Fig. 7). 


show a definite bend ; that signifies that by increasing 
the thickness over 1 porosity does not decrease any 
further and the protective value of the lacquer does 
not increase. The reason is that the lacquer in question 
does not cover the edges ; over 1 pores are only on 
the edges, while the upper surfaces are sound. 























TABLE I. 
Testing of baked enamels with the gauge (Fig. 7) 
Basic Viscosity Thickness | Duffek index 
Material cp Bb A 
Blank 6.0 0.3 0.35 
15.3 0.5 0.23 
36.1 2.1 0.13 
56.0 3.5 0.14 
103.1 5.0 0.12 
Phosphated 6.0 0.9 0.27 
15.3 hl 0.14 
36.1 2.5 0.11 
56.0 3.2 0.10 
103.1 4.7 0.07 
Conclusion. 


The three methods make it possible to measure 
anti-corrosive coatings, especially from 0.2 to 10 p. 
The capacity method can be used only on insulating 
layers on metal base. The X-ray method may be used 
for aluminium on iron from 0.2 to 80, and for zinc 
on iron from 0.24 to 104%. The third method is 
particularly suited to provide standards for use with 
the first two methods. 
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Fig. 9. Porosity of a baked enamel coating. 
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TESTING OF SUBSTITUTE MATERIALS FOR BEARINGS AND GEARS 


OF MACHINE TOOLS. 


By Dip. ING. W. REUTHE, VDI, Berlin-Marienfelde. 


(From Maschinebau, Der Betrieb, Vol. 22, No. 1 


> 


January, 1942, pp. 19-24.) 


Introduction. 


IF the use of a substitute material is not to impair the 
quality of a product, far-reaching preliminary investi- 
gations of the substitute materials are of vital importance. 
Existing literature and manufacturers’ catalogues can 
only give general indications, and responsible firms 
need to make special tests. Nevertheless, a preliminary 
classification of the available substitutes, mostly 
according to chemical composition, will help to eliminate 
unsuitable materials beforehand. 

It is possible to test the remaining materials in two 
ways. First, to use special testing devices or test 
benches, and, secondly, to carry out full-scale tests of 
the finished product under normal conditions. Without 
having regard to the question of available means, 
test benches or testing machines will be preferable 
wherever the best material must be selected from a 
multitude of alternatives in a short time. Indications 
as regards permissible loads obtained by these means 
must naturally be used very carefully. The real stresses 
may be only imperfectly imitated on the testing machines 
if the latter are not to equal the real machine in costs, 
construction and testing time. For example, the 
generation of heat through friction and cooling will be 
subject to other conditions than on the real machine. 
Therefore, results obtained with testing machines must 
be controlled on the real product, at least for the 
selected material. 

The testing machines and the methods described in 
the present article have been developed for machine 
tools. The methods for bearings and spindle nuts 
have been developed by Fritz Werner, Ltd., Berlin, 
for their own purpose, and have later been used to 
elaborate general rules for the use of substitutes on 
machine tools. Within this research work on a broader 
basis the test bench for worm gears was developed by 
Loewe, Ltd., Berlin. 


Testing of Bearings Under Static Loads. 

On the machine (Fig. 1) four different bearing 
materials may be tested under static loads at the same 
time. On a table there are four holders for two 
bushings each. Each pair of bushings holds one 
shaft, driven by a separate electric motor. From any 
material to be tested, two bushings are made and 





Fig. 1. Testing machine for bearing material under 


static load. 





Fig. 2. One of the four turn bearings and oil pump 
drive of the machine Fig. 1. 


pressed into support bushings } (Fig. 2). The assemblies 
thus formed are placed in the supports. Belt drive 
and static load are applied to the shaft between the 
bushings. The shaft may be soft or hardened, turned 
or ground, as required. By use of various pulleys c, 
and by changing the weights d, shaft speed and bearing 
pressure may be varied. Possible speeds with 25 mm. 
shaft diameter are 1, 1.6, 2.5, 4, 6.5 and 10 m./sec. 

The bearing temperature is surveyed by copper- 
constantan thermo-couples c, placed near to the 
revolving surfaces. The thermo-currents are either 
read with a millivoltmeter or, for unobserved test rust, 
lead to recording instruments f. With the aid of the 
recording instruments and the synchronous clock sg, 
which is connected to the circuit of the driving motors, 
any interruption of a test run when the bearings seize, 
as well as temperatures, are recorded. When their 
current becomes over-normal, the motors are auto- 
matically switched off. 

Automatic lubrication of the bearings at the rate of 
about 3.3 drops of oil per minute for each bearing is by 
a central pump /, driven from its own motor through 


agearbox7. Bushing dimensions were 25 x 32 «60 mm. 
Bearing play was 0.04 mm.-++5u. The bearings were 
reamed; the shaft was made from St. 60.11 steel, 


ground but not hardened. For lubrication machine oil 
of 4.5 E viscosity at 50° C. and 220° C. flash point 
was used. 

After pressing the tested bushings into their supports, 
the holes are accurately measured. Originally, it was 
intended in judging a material to consider equally the 
wear and temperature rise, but experience proved that 
in most cases wear is less important, if only because 
tests with a testing machine cannot be extended 
sufficiently long enough to record the wear with any 
degree of accuracy. The method employed was, 
therefore, based upon finding, at constant circum- 
ferential speed, the limit of pressure at which the 
expansion of the materials eliminates a given play 
(the same one for all tests). At this point, the bearings 
seized and the tests were stopped. ‘This method takes 
into account the fact that the clearances on machine-tool 
bearings cannot be increased above definite limits for 
reasons of accuracy. For speeds and loads which are 
considered to be permissible, the tests must last eight 
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. ARS TABLE I. Bearing materials with which the results (Fig. 3) were obtained. 
4 
Brinell, 
Nr, Material hard- | C |Gra-|Mn| Si P Ss Cu | Ni Fe Al Zn | Pb Sn | Mg 
1 ness phite H 
> 
1 | Cast bronze (G.Bz.14) | ss |—|—|—]| —| —; —/s5.se) —| —| —| 1.341 — |12.80) — 
2 | Cast bronze (G.Bz.10) 60 |}—}|—|;—|} —|} —]|] —/90 —|-|—}] —|] — 10 os 
3 | Rolled bronze .. 8 |—|—|}—| —| 0.24); —|}90.74, —}| —| —| * — | 8.94) — 
4 | Special brass .. 100 | —}|—)}—| —]0.01) — |67.47) —| —| —]32.50) —| —|— 
5 | Special brass .. 143 | — | — 1} 1.47) —| —| —/62.6] 0.57] 0.57] —|33.3 | —] 1.47] — 
6 | Special brass .. 100 —/|—/] — | 3.82) 0.02; —/83.283) — — — | 12.08) 0.73; —|— 
set 7 | Bronze (cast) .. 39.8} —|—}—| —| —] —|sz8}| —}| —| —] 78 | —!44 | — 
8 | Bronze (cast) .. 45 _—_|—|— — —- — | 87.7 —_ — _ 7.8| — | 4.38} — 
9 | Bronze (cast) .. 62 |—}|—|—} —|] —| —]85.18) 0.36] —}| —] 3.92) 3.38] 6.88} — 
10 | Bronze (cast) .. 56.8; — | — | — — | 0.04 — | 76.68) 0.88; — — | 5.36) 11.51) 5.48 | — 
11 | Bronze (cast) .. ot —|—im-} ed] — | 82.83) 0.40; —| —] 7.05) 3.83 | 5.89 | — 
12 | Special lead bronze ..} 55 — | — |5.30) — | 0.01 — |71.58} — | 0.53} — | 0.46) 22.07) —|— 
13 | Lead-tin-bronze my RS —|-—/— — | 0.02} — | 72.67) 0.10}; — — — | 20.76) 6.40} — 
14 107 | —|—|—| —| 0.02] —]87.85} * | 3.63] 852) * | —}| —|— 
15 Composite 175 |—|}—/|]—] —1|]0.02| —/|82.64 * | 5.18/12.02) * —|—-j— 
16 aluminium 185 |—|—|—]| —]| 0.02} — | 82.22) 0.86} 5.30/11.51) —}| —| —|— 
17 bronze | | 158 —|-|— — | 0.01} — | 83.08) 2.25 | 3.42}11.15) —| —| —|— 
18 {| 158 | — | —|3.28) — |] 0.01} — | 82.86] 1.10) 2.79] 9.82] 0.15) —]| —| — 
19 | Aluminium alloy ..| 60.5] — | — | 0.38} 2.35] —| —| 4.88] 0.26] 1.55] 88.48] 1.80] —| — | 0.30 
20 | Zinc alloy ; ..| 72 )—]/—|/—}| —}| —|]| —|] 5.164 —| —] 3.37)91.47, —| —]| — 
21 ae sy 74 | —{/—|}—| —}| —}] —|] 1.07) —| —| 6.41/92.43) —}| —] — 
22 | Sintered iron .. 32 | 0.08) — | 0.36) 0.03 |0.031) —}| —| —| —| fF —}| —| —|— 
23 | Special cast iron 100 | 3.4 | 2,92) 0.90) 1.82} 0.11} 0.09} —|}| —]| fF —|—-| -| -|-— 
24 | Sintered iron .. 19.1 | 0.39] 0.36] — | 0.22| — /|0.0166 —| —| fF —|-| -—-| le 
25 = 22.4 | 0.31] 0.20} — | 0.24! —]0.071) —| —| +] —}| —| —] —|— 
26 35 50/60 | 1.16) 0.24] 0.18] 0.44 | 0.10} 0.023} —| —]| ¢ | —| —| 4.16] —]}]— 
27 % Me ..| 20 10.14| — 10.17! 0.381 0,00210.0122 —! —| ¢ | —!I —|052} —!l— 
28 | Composite construction) Special brass 
29 fe PA Bronze in steel tube 
30 ‘aa ss Lead bronze 
pump 31 | Synthetic material (Turbax) 
+ Remainder. 
_ hours at least. If within this time, the bearing s do speed v follows the expression 
™ . not seize, the next higher load is applied for another p.vn = C 
urned gpd ppd Tog oe ees against C and n vary for different materials, while indicates 
cys ¢, Bi : F whether a given material is more sensitive to high speeds 
aie circumferential speed are hyperbole, if all other con- poy. : ia & eee ok ae 
7 wm ditions are kept constant. If this method cannot be ptt hg eee 5 8 
, i i account all iti . dee ; 
. cummed to take into = he queitics of « To trace the hyperbole it is a good practice to 
material, very important qualities are tested, and quick , E ._§ 
PPet- BF cults are obtained ascertain several points. As a minimum, however, 
) the Speeds pressures bearing temperatures, time two points are sufficient. They are plotted in a double 
either & : Ww: logarithmic grid and connected by a straight line (Fig. 4) 
pron intervals and room temperatures are recorded. With 4 sles thmmnink of Gee aaee off tae annie te 
f the & such data, the graphs of permissible pressures (Fig. 3) 5 DECIENES Ce Ca P 8 , 
ck g, p Were established. As these graphs are hyperbole, the Bearings Under Dynamic Load. 
ot0rs, product of permissible pressure and the corresponding For dynamic load tests the machine shown in 
seize, Figs. 5 and 6 was developed. A crank a actuates the 
their so-called striking piston b, which lifts by about 1.5 mm. 
auto- at each revolution, shortly before T.D.C., the piston c 
(diameter 150 mm.) which is under air pressure. During 
te of the rest of the crank revolution, the piston c rests upon 
is by the ring d. By changing the height of this ring, the 
ough time of application of the reaction forces upon the 
mm, bearings e is varied. ti ; 
were The tested bushings of 40/50 mm. diameter and 
steel, 32 mm. length are inserted into support bushings /. 
e oil These, in turn, are supported by self-aligning roller 
yoint By! bearings, and thus edge pressure in the bearings is 
‘ impossible. Normally, the supporting bushings are 
orts, Bes 
was Fé 70 
the Bx Agfem2 
¥ 
that 8 
ause 7 
ded P 
any 
vas, Fig. 4. Simplified 5 
um- determination of § 
the the load limit of a 2 y 
, e Ke 
alay material. & 
ngs 
kes 3 
70 
- Sliding velocity v 
are § Fig. 3. Admissible bearing pressures and circum- 2 
ght F ferential speeds for various substitute materials. The 2 3 # § 6 7 &mf/s 
numbers of the curves correspond to those in Table I. Sliding velocity 












Fig. 5. Testing machine for bearings under dynamic 
load. 

held in place by leaf springs h; when the test bushes 

seize the shaft, the roller bearings allow them to turn 

and the lever 7 stops the driving motor by means of 

a switch. 

The electric drive consists of a reversible motor k, 
exchangable V-belt pulleys, an elastic coupling /, and 
a flywheel m. The whole machine may also be used 
for static loads by replacing the crankshaft with a 
straight shaft. 

By means of the air-pressure-loaded piston c 
higher loads are possible than with simple weights. 
As the air mains furnish only 6 atm., a hydraulic 
accumulator increases this pressure as required. The 
system is filled with air from the mains, the feed pipe n 
is closed and oil is pumped by the pump o into the 
system, until the piston p lifts the adjustable weight g. 
Oil is added from time to time as required. The 
groove r is filled with oil under pressure and seals the 
piston. 

Lubrication of the tested bearings is automatic. 
The tests are conducted in the same way as for static 
loads, i.e., until the bearings seize. 


Testing Worm Wheels. 

The most simple device would consist of a motor- 
driven worm and wheel train, with a brake applied to 
the wheel. But it is not easy to brake the wheel with 
a constant load, as wheel r.p.m. are small. Therefore, 
a better way is to arrange systems with an energy circuit, 
where the teeth load is generated by mutual reaction of 





















































a 
Fig. 6. Scheme of the Testing machine Fig. 5. 
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Fig. 7. ‘Testing machine for worm and wheel drive, 





two gear-trains. In the testing machine (Figs. 7 and 8) 
four wheels are tested. Two and two, they are under 
the load of one spring for each pair of drives. The 
spring exercises an axial thrust on the worm a and 
would pull it out of the spined bush d and out of 
engagement with the wheel, if there were not on the 
shaft g the wheel of drive 6, which transmits the couple 
to its worm in the form of an axial thrust, taken by the 
thrust bearing /f. 

The wheels have 1,000 mm. pitch diameter, 40 teeth 
and 2.5 mm. module. The worms have one thread, 
are placed below the wheels, and are half immersed in 
an oil bath. 

Wear of the tooth flanks proved to be the most 
important characteristic in judging the quality of a 
material. The probable cause of the result which 
contradicts the bearing tests is due to the different 
kind of stress occurring. This fact probably also 
explains why materials which are suited for bearings 
are not suitable for wheels. 

When carrying out the tests, control will consist of 
measuring wheel teeth thicknesses with a tooth micro- 
meter. Some materials, especiclly synthetic ones, show 
considerable wear on the teeth edges. Therefore, it is 


‘it 








Fig. 8. Part of the testing 
g machine for worm whels. 
(a, b) Tested drives; (c 
Driving pulley; (d) 
Splined shaft ; (e) Com- 
pression spring; (f 
Thrust roller bearing ; (g) 
Worm wheel shaft. 




















Wear of substitute 
for worm wheels 75, = 
after 300,000 revolutions on 


Fig. 9. 
materials 


the testing machine. Load: 
coefficient (c)=60 kg/cm? ; 43 
Sliding velocity at pitch circle 72 
2m/s.; Lubrication with oil 17 
of 4°E at 50 °C; Worms 
from St C 16.61 steel, case 
hardened and ground; 49 
































Wheels : (a) ZincalloysG Zn- | ga 

Al 4-Cu 1 (centrifugal cast- 2 | [J ' 

ing) ; (6) Zinc alloys G Zn-Al * be = 
10-Cu 1 (centrifugal casting) : ws 

(c) Zinc alloys G Zn-Al 4-Cu 45 

1 (sand casting) ; (d) Alumi- g 

nium alloy G Al-Si-Mg (DIN _,, 

1713) with 11.5% Si, 05% — 

Mn, 0.3% Mg, 0.7% Fe, ” 

rem. Al; (e) Al composite a 

bronze (DIN 1714) with 82% iui 
Cu, 10% Al, 3% Fe, 4% Mn, abi i¢ e 


0.55% Zn. 








a 


very 
from 
gypst 
with 
the r 
revol 


Test 
It we 


arrat 
is m 
both 
gear: 
trolle 


ama 
one | 


NO 











testing 
whels, 
es; (¢ 
(@) 
Com- 
pau 
ng 5 (2) 











PFHE 


S730 
we 


Fig. 10. Testing machine for spindle nuts. 
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Fig. 11. 


very useful to control the whole of the profile by making, 
from time to time, castings of the teeth with alabaster 
gypsum. The castings are cross-sectioned and examined 
with a projector with | : 20 magnification. Fig. 9 shows 
the results obtained with various materials ; total wheel 
revolutions were 300,000 in each case. 


Testing of Spindle Nuts. 

The testing machine (Figs. 10 and 11) was developed. 
It was possible to eliminate all accidental influences by 
arranging for direct comparison of two nuts. One nut 
is made from a material commonly employed for this 
purpose, the other one from the material to be tested ; 
both run on the same spindle and are loaded alternatively. 

The spindle 6 (Fig. 11) is driven by interchangeable 
gears from a reversible motor g. he motor is con- 
trolled by the limit switches h. After each double stroke 
a magnet d is actuated which switches over the load from 
one nut to the other. 


Elevation of machine Fig. 10. 
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Fig. 
Fig. 13. Thread profiles obtained on the testing 
machine. Spec. load on the flanks 33 kg/cm? ; 10,000 


strokes under load; Sliding velocity 20 m/min. ; 
Spindle material St. 60. 11 turned and unhardened ; (a) 
Profile of the new thread, outer dia. 26 mm., lead 10 
mm., flank angle 30° ; (6) Thread from bronze G Bz 10 
(DIN 1705) ; (c) Thread from an Al composite bronze 
of 84% Cu, 10% Al, 2.9% Mn, 2.3% Fe (DIN 1714) ; 
(d) Thread from laminated plastics. 


The load is generated by the hydraulic brake &. 
When the piston goes to the left, the oil is pressed to 
its right-hand side through an adjustable valve. On 
the return stroke the oil flows back through the relief 
valve m. The amount of the load is adjusted by means 
of the valve / and is read on the manometer n. Lubri- 
cation of the nuts is by two equal drop oilers. 

The wear on the thread flanks is measured after a 
certain number of strokes. The nuts are dismantled 
from the machine and with the aid of a small form a 
(Fig. 12) a gypsum casting is made. It is cross-sectioned 
and examined with a projector. In this way the profiles 
(Fig. 13) were obtained. 


STEELS FOR AIRCRAFT 


PRODUCTION 


By W. STIEDA AND W. TOEDTER. 
(Continued from page 246). 


In the tests concerned with the establishment of the 
relationship between notch impact strength and tem- 
peting temperature of the molybdenum steel, 1452 
showed by far the best properties, its impact strength 
values being considerably above those obtained with 
the material 1604 which proved second best. The 
impact strength versus temperature of tempering graphs 
of these two medium carbon steels are reproduced in 
Fig. 2 and Fig. 3 respectively. Referring to these 
harts it will be seen that both materials display a mini- 
mum impact strength with tempering temperatures 
Tanging from 200-350 deg. C., and these minima are 
os to be as pronounced at room temperature (i.e. + 
0° C.) as at-60° C. Only in the case of steel 1604 does 
no such minimum occur at minus 60 deg. C. 

This drop in impact strength within a certain range 


(From Luftfahrt-Forschung, Vol. 20, No. 3, 16th April, 1943, pp. 57-62). 


of tempering temperature (is still more marked in the 
case of the low carbon steels 1208 and 1265. The pro- 
perties of the latter material are charted in Fig. 4 where 
the minimum impact strength is seen to occur with a 
tempering temperature slightly below 400 deg. C. In 
this case also, the dip in impact strength is more pro- 
nounced at room temperature than at minus 60 deg. C. 

In contrast to this, no such impact strength minimum 
at either temperature were observed with the high car- 
bon steels 1267 and 1310. The characteristics of the 
latter material are shown in Fig. 5. With regard to the 
irregularities of trend occurring in the ascending part 
of the impact strength curve with temperatures of draw 
ranging from 450-600 deg. C., it is suggested that these 
irregularities are due to the precipitation of vanadium 
carbides. The impact strength of the materials 1267 
and 1310 is especially low in the range of low tempering 
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Temperature of Tempering 
Fig. 4. Steel 1265 (0.17% C, 2.18% Mn). Impact 


strength versus temperature of tempering. Quench 
from 850 to 860° C in Fortan as quenching medium. 
Cooled in water after tempering. 


temperatures. These two steels are, however, still 
able to be used if high tempering temperatures resulting 
in a tensile strength below 120 kg/sq. mm. (75 tons per 
sq. in.) are chosen, unless service conditions are such 
as to involve the occurrence of sharp impacts at low 
temperature. It is considered that quite generally, 
considering the materials tested, a temperature of 450 
deg. C. should be taken as the lowest permissible tem- 
perature of tempering, particularly since the actual 
impact strength of fabricated parts will be below that 
shown for the test specimens. 

Attention is also drawn to the fact that the test 
specimens were so chosen that their length axes were 
coincident with the direction of fibre, that is, with the 
direction of rolling. Impact strengths across the grain 
will therefore be considerably lower. With regard to 
the second test series, concerned with the influence of 
the temperature of quench upon the impact strength, 
the full data given in the report indicate that this in- 
fluence is rather small. Only in the case of steel 1604 
is it necessary to adhere to a certain range of quenching 
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Fig. 5. Steel 1310 (67 mm. dia.). Impact strength 
versus temperature of tempering. Quench from 840 
to 850 °C in oil. Cooled in water after tempering. 


temperature in order to avoid impairment of the impact 
strength. 

The data obtained with the third test series, relating 
to the influence of length of tempering upon tendency 
toward temper brittleness, show that steel 1604 possesses 
no such tendency ; while in the case of steel 1310, 
tempering for 10 hours leads to a decrease in impact 
strength by 50 per cent, and in the case of steel 1265 by 
even 80 per cent from its normal value. It is therefore 
important to limit the time of tempering to the minimum 
time required to effect uniform tempering throughout 
the cross section of the structural parts involved. 

In addition to showing the impact strength values 
of newly introduced aircraft structural steels as com- 
pared to those of well known standard materials, the 
various charts given in this report provide a suitable 
basis for purposes of design and test. Furthermore, it 
is seen that with the commonly used steels, small devia- 
tions from the usual temperature of quench, are of no, 
or but little, influence upon notched bar impact strength. 
This is of importance in the case where the same period 
of heat treatment is given to different kinds of steel 
included into one part. 


DETERMINATION OF THE FRICTION MOMENT OF GYROSCOPES. 


By F. GotTwaLp. (From Zeitschrift d. V.D.I., Vol. 86, Nos. 35/36, 5th September, 1942, pp. 552-553.) 


THE friction of gyroscopes is characterised by their 
running-out time, i.e., the time the rotor needs to slow 
down from normal speed to rest with the drive dis- 
connected. For closer investigations, however, the 
friction moment curve as a function of the speed is 
required. 

The running-out method is the one best known for 
obtaining this curve. The angular speed w of the rotor 
is recorded as a function of time while running out. 
The so recorded curve is graphically differentiated and 
the friction moment, M, calculated according to 


dw 
M(w)=—®@ .. Ae is) 
dt 
where © is the moment of inertia. 
The Magnus-type friction apparatus (Fig. 1) uses the 
moment method. ‘The friction moment reappears on the 


rotor housing, k, as a reaction moment, which is 
measured by a kind of spring balance. The housing k 
is supported radially in two ball bearings /, and axially 
by a ball and a polished steel block 6. A spring ¢ 
retains the housing, an oil damper d_ suppresses 
oscillations. 

During the running-out of the gyroscope, the housing 
is dragged away against the spring by the friction. The 
angular stroke of the housing, and thus the friction 
moment, is recorded as a function of time. By inte- 
grating this curve the angular velocity in dependance 
time is obtained, and by reading corresponding values 
the moment-speed curve may be traced. 

In cases where there is no difficulty in measuring the 
speed, e.g., with a Zeiss-Ikon stroboscope, the moment- 
speed curve may be obtained directly (direct method). 

Which method is the most suitable depends on 
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t Fig. 1 (Left). 

Friction apparatus for the deter- 
mination of the moment curve. 
(a) Rotor shaft ;(6) Steel block ; 
(d) Damper ; (k) Gyroscope v / 
' Ball bearing ; (s) 5 
| ok Pulley ; (t) Spring coil ; (z) Mu / 








housing ; (/) 


Indicator. 































































































circumstances. If the gyroscope cannot be placed in 
a friction apparatus, or if it is too heavy to be supported 
frictionlessly, only the running-out method can be used. 
If the gyroscope in a non-transparent housing is 
concealed and cannot be provided with openings, 
only the second method can be used. 

Fig. 2 shows the results of tests with an Anschuetz 
& Co. gyroscope. Normal speed was 330 rev. per sec., 
the moment of inertia was 5,4.104 g.cm.? 

In preliminary tests the average discrepancy between 
values found with different methods was 1.4%. The 
influence of the working time before the test was 
within the limit of the errors. For the moment method, 
openings of the housing through which air was blowing 
had to be closed, but the running-out method showed 
that this caused no difference. An influence of eddy 
currents induced by the magnetic field of the earth 
could not be detected. 

Measurements at different air pressures showed a 
strong decrease of the friction with decreasing pressure. 
If the moment curve is approximated by a second degree 
parabola 

M (w) = qw® + kw + p Ne “en 1) 
the strong influence of air friction becomes even more 
clear. p proved not to depend upon air pressure ; 
k and q decrease approximately in a linear way with 
the pressure. In a vacuum, g becomes zero, while k, 
which is influenced by both air and bearing friction, 
has still a finite value. 


Fig. 2 (Right) 10 yi 


Comparison of moment curves 
obtained by different methods. 
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By measuring the moment at atmospheric pressure 
and then in vacuum, air and bearing friction were 
separated. The first test gives the total friction; the 
second one only bearing friction. Air friction R 
depends upon speed n approximately according to 


R=Ané . See 


x was 1.65 for the gyroscope mentioned above. 

Temperature influence, as investigated at 5°, 30°, 
95° C. was nil for g, while p decreased slightly and 
k more rapidly with increasing temperature, as would 
be expected. 

Comparative tests with gyroscopes of different sizes 
showed that large rotors are better from the friction 
point of view. To have an unobjectionable basis for 
comparisons, the dimensionless coefficient 


—M 
= 





(4) 
O wp? 


was introduced. wp is the angular speed of the gyro- 
scope at normal r.p.m. Calculations concerning air 
friction confirmed qualitatively the test results. If not 
equal r.p.m., but equal circumferential velocity is 
chosen for the comparison (justified by reasons of 
strength of materials), F becomes independent of size. 


GLASS FOR PRECISION GAUGES. 


By Cox. H. B. HAMBLETON, Chief of Gauge Section, U.S. Ordnance Dept., Washington, D.C. 


(From 


Mechanical Engineering, Vol. 65, Nos. 4 and 6, April and June, 1943, pp. 274-276 and 435-437.) 


GLass gauges developed by a number of American Glass 
companies upon the initiative of the Ordnance Depart- 
ment had been used in the Frankford Arsenal for the 
Inspection of 57 mm. cartridge cases. One of these 
gauges performed 260,000 operations before it was 
worn out. For the first 160,000 operations, the wear 
was only 0.00005 in. A steel gauge for the same duty 
has normally a life of 60 to 70 thousand operations. 


Glass gauges have given in general a very satis- 
factory performance, and, in some cases, show definite 
advantages over steel gauges, some of which are as 
follows : 

Glass gauges 

(1) need no greasings and degreasings as glass does 

not rust ; 

(2) are easier in handling as they are lighter ; 
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(3) afford visibility in inspection ; 

(4) save tool steel for other uses ; 

(5) are lighter, the comparative weights of glass and 

steel being round 160 and 485 Ib./cu. tt., 
respectively. 

The Corning Glass Works, of Corning, N.Y., and 
the T. C. Wheaton Co., of Millville, N.Y., have whole- 
heartedly co-operated in developing glass gauges, and 
in view of the many requests for additional information 
on the grinding of glass plug and ring gauges, the T. C. 
Wheaton Company has published a weekly paper 
giving the results of tests and experience gained from 
the previous week. 

It is not believed that much change will be required, 
if any, in the standard machines for grinding glass plug 
gauges. The Wheaton Co. has used a Norton 6-in. x 
18-in. type C, having a wheel speed of approximately 
1190 r.p.m., using a 20-in. x l-in. x 12-in. wheel with 
approximately 6000 surface feet per minute which is a 
common speed for most cylindrical grinders. By 
using silicon-carbide wheels of 60-80 grit, they were 
able to rough to within 0.003-0.004 in. of finish size in 
a short time. They recommend a rather fast table 
traverse speed in this operation with a slow work speed. 
After changing to a 180-grit silicon-carbide wheel using 
very slow table traverse speed and a slow work speed, 
they were able to obtain a beautiful finish on the surface. 

During the last four or five passes of the wheel, 
without changing the wheel setting the coolant was 


turned off, and a polished surface was secured. Plain 
water is all that is required as coolant. However, it is 
necessary to provide some agent to prevent rust on the 
machine. 


In using the taper lock handle, it will not be necessary 
to grind the taper on the glass shank, as this can be 
moulded close enough to give the required fit. It js 
possible to grind centres in the ends of plugs, using a 
tungsten-carbide drill and lapping with a centre lapping 
stick. 


Glass gauges in sizes under } in. are difficult to 
produce, and will probably never be commercially 
made. However, synthetic sapphires, synthetic rubies 
and other synthetic jewels, with considerable resistance 
to breakage and with a hardness which will readily 
scratch the toughest glass, are being produced by the 
Linde Air Products Company. 

The Ordnance Department is constantly striving 
to improve gauging methods, particularly with the view 
of obtaining faster inspection. During this emergency 
many new types of gauges have been developed, in- 
cluding multiple-purpose gauges employing electrical 
means for amplification, precisionnaire gauges for 
measuring gun bores, special dial indicators for the same 
purpose, and optical projectors for measuring irregular 
parts. The development of high-speed multiple- 
purpose gauges has been timely because of the difficulty 
encountered in employing sufficient inspection personnel. 





GLASS GAUGES OF VARIOUS TYPES ARE REPLACING STEEL GAUGES AT FRANKFORD ARSENAL. 


(Left, top to bottom: double-end plug gauge, Go plug gauge, ring gauge. Right, top to bottom: Not Go plug gauge, double-end 
solid-handle plug gauge, double-end taper-lock standard-handle plug gauge. 
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NEW INSTRUMENT TRANSFORMERS. 


By W. K. DICKINSON. (From General Electric ae Vol. 46, No. 6, June, 1943, pp. 331-334.) 


Tue saving of copper and steel used in the manufacture 
of instrument transformers must be done either by 
substitution of less critical materials or by changes in 
design which will reduce the amount of material used. 

The only alternate for silicon steel, of which the 
core is made, is an alloy comprised largely of nickel, 
which is even more scarce than steel. Possible alter- 
nates for copper are silver and aluminium, but the wide 
use of either of these materials is not feasible as a 
substitute for copper. 

Although it is not feasable to use silver alone to any 
large extent as electrical conductors, some saving in 
copper can be accomplished by silver plating the copper 
terminals. The new current transformer shown at the 
top in Fig. 1 furnishes a good example. By silver 
plating the contact surfaces of the primary terminals, a 
ce contact resistance is obtained with a considerable 
shorter terminal than the standard length copper 
terminal of the earlier type transformer shown at the 
bottom in Fig. 1 

Any large savings of copper and steel, however, 
must be accomplished by fundamental changes in 
design rather than by substitutions. There are two 
ways of doing this: by more efficient use of materials 
without lowering any operating characteristics, or by 
designing to meet only the minimum requirements as 
to insulation, accuracy, burden capacity, etc. 

As to the first method, there are certainly no large 
loopholes for improvement in their construction. 
However, some savings are possible by refinements in 
design. In one case, for instance, it was found that 
one-half of the former contact surface of a terminal of a 
current transformer was sufficient. 

As to the second method, designing to meet only the 
minimum requirements for specific applications, sur- 
prising savings have already been accomplished. Prior 
to the present war, it was customary to build instrument 
transformers having large output and the highest 
accuracy. Once in use, application engineers have 
continued to call for the same designs, although it has 


Fig. 1 











































Fig. 3. These current transformers are similar in appearance, 
but the upper one, designed for lower capacity, contains 
only half as much copper as the lower one. 
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Fig. 4. Comparison of current transformer of new 
design (same overload capacity and accuracy, but lower 
insulation level) with one of earlier design (below), 
38% copper and 45% steel was saved. 


been realised by both users and manufacturer that large 
output and highest accuracy are not required in all 
applications. 

At present, small size and low weight, as well as 
greater sturdiness of design are becoming increasingly 
important. In consequence, new designs of instrument 
transformers have been developed which, of course, 
involve some reduction in accuracy, output rating, and 
insulation. However, a careful analysis of the actual 
functions the transformers were required to perform 
showed the smaller transformers to be fully adequate 
with respect to their electrical characteristics, besides 
having the advantage of increased sturdiness—all with 
a decrease of over 50 per cent. in weight, and, con- 
sequently, with the saving of over 50 per cent. of scarce 
materials. 

The upper illustration in Fig. 2 shows a potential 
transformer of the new type referred to in the preceding 


THE PRODUCTION 


OF HARD METAL 





Fig. 5 

paragraph. It was designed specifically for maritime 
use, and is much more sturdy but is less accurate, and 
has lower output than the general-purpose _high- 
accuracy high-insulation-level potential transformer 
shown below in Fig. 2. The copper was reduced 57% 
and the steel 58%, in the first place by dropping the 
volt-ampere rating from 200 to 100, the accuracy from 
1/4 W, 1/4 X, 1/2 Y, 1 Zto 1 W, 1 X, 1 Y, no Z. The 
insulation which had been based on 2,300 volts, was 
reduced but still had enough safety factor for the 460- 
volt rating required. Thus, it was possible to use a 
smaller core, which in turn made possible a smaller 
winding. While the removal of the casing did not 
improve the appearance it did allow greater heat dis- 
sipation by better ventilation and permitted the use of 
a much stronger frame and support. 

All applications involving any considerable number 
of transformers are now being studied to determine 
whether the standard designs have unnecessarily large 
factors of overload capacity, greater accuracy or higher 
insulation than really required. Of course, a redesign 
requiring new and expensive tools and dies would not 
usually be feasible. However, it is often possible to 
use existing tools and make large economies in the 
design by reducing the ampere-turns, or the cross- 
section of the core, or lowering the insulation level. 

It is sometimes more effective to use window-type 
current transformers (Fig. 5) than those of the bar type, 
in which case a busbar can be inserted through the 
window, thus saving the overlapping and _ bolting 
necessary to make connections for the bar-type design. 
In another case, the copper in a special transformer for 
controlling welding equipment was reduced 25% simply 
by taking advantage of the short duty cycle. 

Based on the designs described and others of a 
similar nature, a yearly saving of approximately 150,000 
lb. of copper and 180,000 lb. of steel has been accom- 
plished. 

When designing to meet specific and minimum 
requirements, adequate safety factors, high quality, and 
suitable performance must be maintained at all times. 


ALLOYS AND THEIR USE 


FOR REPLACEMENT OF DIAMONDS IN THE DRAWING INDUSTRY. 


By JosepH HINNUBER, Essen. (From Stahl und Eisen, Vol. 62, No. 52/53, December, 1942, pp. 1083-1091.) 


THE necessity for the replacement of the small and 
expensive natural diamonds, hitherto used for drawing, 
by an artificial product obtainable in great quantities 
was the main factor leading to the development of the 
hard metal alloy industry of to-day. The discovery of 
the extreme hardness of tungsten carbide by Moissan 
in 1890, was followed by the work of Voigtlander and 
Lohmann in 1914, on the casting properties of its alloys, 
and culminated in the production of sintered tungsten 
carbide alloys by Schroter of the firm of Osram in 1923. 

It is necessary from the outset to distinguish between 
cast and sintered alloys. An alloy suitable for casting is 
produced in a short circuit Tamman furnace. This type 
of furnace is capable of reaching the melting point of 


tungsten carbide, which is 2700°, very rapidly. The 
carbide is subjected to superheating for a short time 
and the melt can be cast in carbon or graphite moulds. 
The charge consists of tungsten powder, together 
with a measured quantity of carbon, which has to be less 
than that indicated by the theoretical value of the 
finished product owing to the fact that the tungsten 
during the heating process takes up some carbon from 
the crucible walls. Great skill is called for in the 
manipulator, who must choose for casting the exact 
moment when the theoretical value of the carbon 1s 
reached.* If the heating is too prolonged excess carbon 


* Good cast carbides have a carbon content of 3.5-4.1%.- 
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js absorbed and on cooling the melt separation of 
phite lamellz occurs. These masses act as pores in 
the finished polished block. 

Fig. 1 shows the structure of a good cast carbide 
containing 4% carbon. In the needle-shaped basic 
structure of the eutectic both W.,C and small primary 
crystals of W,C are embedded. 

Fig. 2 shows the structure of an over-carbonised 
melt containing 4.3% carbon. 

Production of first-class carbide is also rendered 
difficult by the invariable occurrences of dissolved gases 
in the melt which, on cooling, separate with development 
cavities. 

As cast carbide is very brittle only crude drawn 
articles of small diameter can be produced. It has 
consequently been largely superseded by sintered 
carbide. The introduction of sintering brought the 
following advantages :— 

1. The operation is carried out at 1000° C.,, ie., 
below the melting point and is therefore more 
amenable to control. Older alloys contained a 
preponderance of W.C with 3.2% carbon; for 
sintering it is possible to employ the much 
tougher WC with 6.10% carbon. 

2. Production of a cavity-free material of unique 
quality in large quantities is possible. 

3. By the graduated addition of cobalt as binding 
metal, the hardness and tenacity of the alloys 
can be varied over a wide range. 

In the production of the sintered hard metal called 
widia the following stages in production can be 
distinguished :— 

1, The production of pure tungsten and cobalt by 

reduction of their oxides in a stream of hydrogen. 

2. Mixing of the tungsten and carbon. 

3. Carbonisation of the mixture to tungsten carbide. 

4, Addition of the cobalt. 





Fig. 2. Cast Tungsten Carbide with Graphite ( x 1000). 


| 


DIGEST 267 


. Pressing of the mixture into shape. 

. Preliminary sintering of the pressed article. 
Shaping. 

. Finishing sintering. 


DIAN 





Cast Tungsten Carbide. 


Sintered Tungsten Car- 
bide and Cobalt Alloy. 
Fig. 3. Structure of Cast and Sintered Hard Metal. 


The reduction of tungsten and cobalt oxides by 
hydrogen can be done either in a sleeve furnace or in 
a revolving tube furnace. Purity and fineness of grain 
exert a great influence on the finished product. The 
optimum tungsten grain size is 0.5-5. 

By adding carbon in stochiometrical proportion and 
heating the tungsten-carbon mixture to 1300-1500° C. 
tungsten carbide is formed. 

After carbonisation in a gas or electric oven the 
intermediate product is crushed by machine, after 
addition of the cobalt. The tungsten carbide is then 
ground in a ball mill which, in order to ensure the 
smallest possible admixture of iron rust, should be 
made of stainless steel. 

The very finely ground mixture of tungsten carbide- 
cobalt, containing according to its intended use 3-15% 
cobalt, is pressed in steel moulds under high pressure 
into plates or spheres. These are heated to 700-1000°, 
at which temperature they can easily be shaped by 
turning, grinding and drilling. 

Finish sintering is also done in electric ovens. Several 
types of furnaces are in common use, including the 
coil-tube short-circuit, the electrically-heated ceramic 
and the high-frequency furnaces. Sintering tempera- 
tures lie between 1350° and 1500°. 

To avoid oxidation of the tungsten carbide hydrogen 
is employed as a protective gas during carbonisation 
and also for both the preliminary and the finishing 
sintering. 

During the preliminary sintering shrinkage of the 
pressed articles is negligible or absent. It is, however, 
of appreciable order during finish sintering, varying 
oe 15-25% according to the amount of pressure 
applied. 

The effect of the finish sintering on the tungsten 
carbide-cobalt mixture is explained by the welding 
together of the tungsten carbide crystals into a solid 
framework in the melted cobalt phase. The cobalt 
infiltrates this framework by partially dissolving the 
tungsten carbide. This property of the cobalt enables 
the sintering process to be carried out at far lower 
temperatures than would be possible with pure 
tungsten carbide. 

After finish sintering the formed article has attained 
its maximum hardness and can be improved only by 
polishing. 

Fig. 3 shows the structure of Gl (WC+6% Co), 
the most generally used alloy in the drawing industry. 
It is compared with a cast carbide. 

The qualities of hard metals depend on several 
factors, notably the purity of the tungsten and cobalt, 
the methods of mixing and grinding employed, and the 
conditions under which they are pressed and sintered. 

O. Meyer and W. Eilender have shown that tungsten 
powder of fine grain size gives a greater hardness than 
that produced by coarse grain. For each alloy there 
exists an optimum temperature for any given sintering 
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fs : The Choice of Hard Metals and their Castings 1 
4 , Alen, Fig. 4 Like diamonds, hard metal ‘drawing dies are set in 9 4® © 
a 7 NX Influence of the sinter- metal casings. The casings must protect the hard metal To 0 
Zea | N ing temperature on the against impact and percussion, and the material of which very Cal 
% am | hardness of Tungsten _ the casing is made must therefore have sufficient strength f highest 
© 66 ! carbide-cobalt alloy. | to withstand crushing or pressure transmitted through § polishin: 
ee eee the hard metal inset. For small drawing dies casings n an 
= He cts made of brass, bronze or soft iron will be found to be 2 Vital 
adequate. For medium-sized dies and stronger tensile § however 
demands a steel of 60-70 kg./mm.® strength is necessary, ff of the ! 
For large tube drawing rings a carbon steel of § appropr 
100 kg./mm.? strength or more will be required. demand 
The choice of a hard metal will be influenced by and teal 
the drawing method for which it is to be used and the § Summ: 
= probable demands to be mide on its strength. For The 
dies of small and medium size (approx. 10 mm. bore) § methods 
mags 9 ‘@. ¢ hard metal G1 is generally used. For drawing rings § crbide- 
_— Ms ii Lr sb ere and stones of greater measurement WC—Co alloy G2, § metal di 
Fig. 5. Types of Hard Metal Dies for Drawing. with 11% cobalt is suitable. Rings of the largest size J withstan 
call for WC with 15% cobalt. jected. 
time. Fig. 4 shows the relation of the hardness of The principal use of the pressure-sintered Widia- J high cc 
tungsten carbide-cobalt alloys containing 8% cobalt to Elmarid die is for copper drawing and wet drawing of § sintered 
the sintering temperature. The decline in hardness iron and steel. Widia-Elmarid is also suitable for the J wet drav 
caused by superheating is due to the marked increase wire drawing of aluminium, brass and bronze, i.e., for JF for dry « 
in the grain size of the tungsten carbide. the soft metals. to the tu 
Fig. 5 shows a collection of the most generally used The effect of sulphuric acid on hard metal alloys is & auxiliary 
hard metal dies for drawing. The smallest size is given in Table II. From this table it may be seen § efficienc 
8 x4 mm. (weighing 4 gr.) and the largest 165 x 30 mm. that the loss in weight in dilute sulphuric acid is much § |ubrican 
(weighing 6000 gr.). lower for pressure-sintered alloys with 3% cobalt than § are poir 
Instead of performing the compressing and the for alloy G1. The influence of temperature is much less. 
finish sintering as separate processes it is possible to It is important not only that the diamonds should 
sinter a mixture of WC and cobalt in one operation. be replaced by hard metal, but also that efficiency of N 
The mixture is packed into carbon moulds and heated the latter should be improved. 
under pressure, either by direct current or by radiation The material comprising the die and the lubricants 
in a coil tube short circuit furnace. at present in common use frequently cause a decrease — By OTT 
Pressure sintering takes only a fraction of the time in the drawing speed. Hard metal G1 is very useful 
required for the ordinary method. in the drawing of unalloyed steel of even the greatest B 7) mee 
Fig. 6. The porosity of cast hard metal, hard metal tenacity down to 0.2 mm. diameter. steel for 
sintered without pressure, and pressure sintered In copper drawing the use of hard metal is limited § oonditio 
hard metal. to approximately 0.8 mm. diameters. As the transition B the imp 
For the production and shaping of articles of large size is approached it is advisable to utilize a diamond as F geyiceg. 
measurement pressure sintering is more limited than end die. annealin 
the usual method. The composition and qualities of The question of the formation of a lubricating film § ojjing 
cast hard metals and also of sintered hard metals are and its effect on the wearing qualities of the final taper B jjiuctrat 
shown in Table I. The tenacity figures are several of the die is of the highest importance. The fact that § ogact of 
times higher for sintered than for cast hard metals. the tapered portions do wear out proves that the § in the , 
It should be noted that the conductivity of heat of lubricating film is frequently broken, the wire thus § immedi: 
hard metals is much higher than that for steel. This coming into contact with the drawing tool. There are FF develop, 
has the advantage that the heat evolved in drawing is two ways of prolonging the life of a drawing die: of quenc 
easily lost. (a) by protection of the taper, and (b) by improvement § jg ijtustr 
Hardness and wearing qualities decrease with of its wearing qualities, which usually involves alteration In t 
mounting carbon contents. The elastic modulus is of the composition of the alloy used. Protection of the J ahove 4 
nearly three times that of steel, which is very favourable taper is the more effective procedure ; it generally F , pre-de 
for drawing purposes. The figures given in the table includes the utilisation of dispersion agents such a F then syt 
refer to standard sintered alloys. The pressure- graphites and the addition of alkali to increase the The 
sintered drawing dies known as ‘‘Widia-Elmarid’’ are lubricating effect. Sulphur also improves the lubri- § which q 
equal or superior in hardness to cast alloy “stones” cating oil. Improvement of the material of which the tempera 
and have higher tenacity figures. Given the same taper is made can be effected by adding titanium carbide F Tpi« pr 
composition pressure-sintered alloys are harder than or tantalium carbide to the alloy. Boron carbide proved F above 1 | 
normally sintered ones, but are inferior in toughness. to be inferior. of the 0; 
could ni 
Cast Carbide. al Compressed sintered alloy. 
Fig. 6. Porosity of Hard Metal (x 40 approx.). 
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care of Drawing Dies. TABLE I. 
To obtain the best results from the hard metal alloys . 
very careful treatment of the drawing dies is of the | Cast | 
highest importance. Application of rouge or other ; _. 4, | Carbide’ G1 G2 | $3 
polishing material proved beneficial. The fineness of Approximate Composition % | we 
ain and homogenity of the diamond powder polish is | WC WC wc | +5TiC 
, vital factor. The shape of the drawing cone is, } +WC 6 Co | +11Co| + 6Co 
however, of even greater moment ; the smooth running Sisailin adie (neccen?h me wer ae a | a3 
of the Jubricant from a drawing cone situated at the Approximate hardness (Vickers) |1800-2000/ 1,600 | 1,400 | 1,600 
appropriate angle guarantees the smallest possible Bending strength (kg. = 35 | a } 60 iss 150 
ini ompression strengt g..mm.*) > — 25 4 pls 
demand on mass power, and also the minimum wear Conduction of heat(cal./cm.sec.°C.)| 0.07 0.19 0.16 0.15 
and tear on the taper. Coefficient of thermal expansion | | 
Summary. (between 20 & 800°)10—§ cm/cm°C)| 4 5 5.5 5.5 
‘ mae . Specific heat (cal./g. °C.) s< | GS 0.05 0.05 0.05 
The influence of the composition and of the different Modulus of elasticity (kg./mm.2) | — | 62,000; 58,000 | 59,000 
: $e | | 
methods of production on the qualities of tungsten 
catbide-cobalt alloys have been described. The hard 
metal dies must be set in steels of sufficient strength to TaBLe II. 
withstand the pressures to which they are to be sub- Duration of attack 50 hr. Loss in weight in gr./h. m.?. 
jected. For dies of larger size sintered hard metals of 
high cobalt content must be employed. Pressure- | At 50° | At Boiling Point 
sintered alloys are superior to other hard metals for Quality Co 


1% | 5% | 10% | 1% 


wet drawing, but normally sintered material is preferred | % | ho | 5% a | h | 5% | 10% 
for dry drawing. The addition of a second carbon atom H,SO, | H,SO, | HigS 09 | Higa | 150, | HO 
to the tungsten carbide molecule in alloys containing an _Pressure-sintered | | 





| 
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auxiliary metal such as cobalt gives greatly increased allcys. . Z| OFS | O20) OFF | Oe | 0.28 | 0.43 
efficiency. The selection and correct use of a suitable = a sl en Pye Tan a Py | oe 
lubricant and the careful treatment of the drawing dies G2 11 | 0.72 | 1.28 | 1.15 | 6.97 | 20.90 | 44.8 
are points of supreme importance. 
NEW HEAT TREATMENTS FOR THE IMPROVEMENT OF 
MODERN STEELS. 
By Otro KukLa, WOLFGANG KUNTSCHER and HucGo SajoscH in Kattowitz. (From Stahl und Eisen, Vol. 62, 
No. 51, December, 1942, pp. 1067-1073.) 
To meet the very high demands made nowadays on or a long enough time to effect solution, owing to the 
steel for use in the automobile, aeroplane, high-pressure danger of superheating phenomena, such as ‘coarseness 
conditions and chemical industries, new treatments for of grain and cracking. These defects are of no import- 
the improvement of their properties have recently been ance when the newer method is used as the possible 
devised. Two of the most successful of these are the defects are removed by the forming pressure. 
annealing and hardening of steel immediately after Chilling of the steel from high temperatures in this 
rolling, and reheating at high temperatures. Fig. 1 way also renders the hardening more effective and more 
illustrates three processes. On the left is shown the homogeneous. Fig. 2 compares the annealing-hardening 
effect of the usual heat treatment of steel. The curve curves of steels treated by the old and new methods. 
in the centre represents the effect of heat treatment Given the same length of time at 500-600° C. 
immediately after the final forming. On the right the the hardness of the steel treated by the new method 
development of this method by the additional application is rather higher than that produced in the old way. 
of quenching into tempering temperatures (austempering) At 700° C. the new process is so effective that the 
is illustrated. material adopts for both hardenings the same stable 
In the usual heat treatment the steel is heated state. 
above the upper transition point Ac3, kept there for It is obvious that the modern process gives a much 
a pre-determined length of time, and quenched. It is higher notched bar impact strength. The figures are 
then subjected to a period of annealing. 2 to 3 m./kg./cm.? higher than those attained by the old 
The middle curve illustrates a newer method in method. Fears that deleterious effects might result 
which quenching is done straight from the final shaping from the use of different final forming temperatures 
temperature and is followed by the usual annealing. proved to be unfounded. 
his procedure admits of the pre-heating of the steel The danger of cracking during the hardening process 
above 1150°C, when the carbides and the greater part is obviated by the use of an intermediate or stabilising 
of the oxides and nitrides are dissolved. Older methods furnace after rolling, in order to obtain a constant final 
could not allow either a sufficiently high temperature hardening temperature. 
440, 7 =F - 
{ lQuenched from | | 
| > es Ac3 --4 420) _Semperature of rolling |_| 
t + —J—-—--ar3 —-4 | | 
400+ a . io sane Fig. 2 
g 80-.—-N SOs fffect of quenching 
‘ om from rolling tempera- 
2 [ tures on the properties 
a § sol——-"\ aoe of annealed steels. 
hardening tempering hardening tempering hardening ® 320 mi | se ont — 
——time | | 
Fig. 1. Three different methods of Heat Treatment 7500 550 aes 60 700 750 
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To use the method advantageously for steels with 
low carbon contents these should be hardened directly 
from the final forming temperature in water, without 


special annealing treatment. 


Steels resulting from old and new treatments can 
now be compared for tenacity, grain and fineness of 
The cores of rolled bars of 120 mm. section, 
pre-heated to 1200°C, were used for measurement of 
impact strength and tenacity. The results are set out 


structure. 


in Table I 
TABLE I. 


Figures for the hardening of steel in water from the 
rolling temperature without special annealing treatment. 
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! | 
Steel No. | C% | Si% | Mn% | Cr% | Mo % 
i. ct oan 0.29 | 1.22 | 0.92 — 
Ze 0.19 0.31 | 1.45 ood 
3. 3] 0.19 0.31 | 0.95 1.23 | 0.24 
| 
| | 
| Impact 
H : , | Reduc- | strength 
Steel Dia- | Elastic | Tensile | Elonga-| tion of of 
No. meter limit | strength} tion area notched 
| bars 
| mm. ee. mm. akg. ~ 2% | %  |mkg./cm.2 
1 | 40 | 72.6 17.2 | 60.3 | 11.4 
2 | 40 | 135.2 143. : 10.0 | 37.6 | 4.7 
3 40 ' 125.0 132.7, | 12.4 ; 48,2 | 7.4 
1 50 | 681 | 809 | 198 | 628 | 11.3 
2 50 | 127.4 140.2 |; 11.0 | 360 | 5.0 
3 50 | 109.5 | 124.3 12.2 | 51.0 | 83 
} | ! 











It will be seen that impact strength figures unattain- 
able by the old method are reached by the modern 


process. As an example, round bars of 50 mm. 


diameter, with a tensile strength of 120 kg./mm.? and 
, show a notched bar 


an elastic limit of 110 kg./mm.? 
impact strength of 8 mkg./cm.?. 


Results of investigation of ‘the new method can 


be summarized as follows :— 


Either the tenacity of steel can be increased by 


20-30% or alternatively the tenacity can be maintained 
at its normal level while the elastic limit is increased. 
This is effected without employing alloying materials. 


High quality low-carbon steel was produced by 


direct cooling in water from the rolling temperature. 
In addition to great improvement in impact strength 























Condition as received. After, 20 hours annealing at 
1200° C. Agglomeration of in- 


clusions. 


inclusions in chrome-manganese- 
vanadium steel. 


Fig. 3. Oxide 
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After, 20 hours annealing at 
1200° C. Agglomeration of in- 
clusions. 

Fig. 4. Sulphide inclusions in chrome-manganese- 

vanadium steel. 


Condition as received. 


and other qualities the steels showed high resistance to 
ageing and inter-crystalline corrosion, to heat, and to 
creep stress. The method is economical in regard to 
furnace fuel, time and man-power. 

A second heat treatment for improving the pro- 
perties of steels, is the high temperature annealing of 
ready formed parts. By this stabilisation unwanted 
liquidifications are avoided. 

In the investigation of this process approximately 
20 different constructional steels of the following 
composition were chosen: chromium-nickel, nickel- 
molybdenum, chromium-manganese, vanadium, and 
unalloyed steels. After rolling and forging, annealing 
was carried out at various temperatures and the steels 
then were hardened 

To explain the effect of the stabilisation heat treat- 
ment considerable research on structure and _ blue- 
brittleness has been carried out. 

It has been found that non-metallic impurities such 
as oxides and nitrides tend to conglomerate during 
stabilisation annealing. Fig. 3 shows the structure 
of the non-metellic impurities in a chromium-manganese- 
a pee 


From usual quenching and From 12 hours annealing, t0 
tempering. produce uniformity at 1200 


Fig. 5. Fine structure of chrome-vanadium steel. 
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After usual heat treatment. 











From usual guenching and From 12 hours annealing to be 
tempering. produce uniformity at 1200 ~C. t 





: . After soaking to promote uniformity at 1200° C. 
Fig.7. Fine structure of manganese steel heat treated. ining d 


Fig. 8. Fracture test on chrome-manganese-vanadium 


Fig. 5 shows the structure of a chromium vanadium steel showing considerable segregation. 


steel after the usual hardening process, and after 12 
hours’ stabilisation annealing at 1200°. ; ? 
e- | "The original material showed slight Hiquated inclu- ggg HT Praciog the maximam fects can, only be 
-— Fa pag ona _— rie —— these Lower temperatures necessitate longer and more 
= PP P y: uneconomical annealing times. 





ce to : 2 
ad to Fig. 7 shows the same effect in a ee steel. 4. Impact toughness is increased by at least 50% ; 
tae This change in the structure of the steel improves in etene caeien teas 
not —_ ets 8 aig properties, but also its response 5. A series of experiments as yet uncompleted seem 
to other technical tests. sae : . 
pro- i : . : . to indicate that the process increases resistance to 
ig of F. Blue-shortness samples of material with many inclu corrosion. Steels of varying carbon content containing 
anted f ‘ions show the so-called silvery effects, distinguishable 14-17% chromium show a considerably improved 
as bright stripes in the fracture surfaces. Fig. 8 shows resistance to hydrochloric nitric and acetic acids. 
a blue-shortness sample of chromium-manganese- R 
lately Pp 8 
vanadium steel after the usual treatment and after Summary. 


we stabilisation annealing at 1200°. The silvery effects 


have almost completely disappeared. The effects of two methods of heat treatment for 





asy | sees of practical experiments have confirmed Stes containing 0.16-0.92/, carbon with additions of 
steels | the opinion that stabilisation heat treatment of ready- b Bee a a vi ae ae ; oad a 
shaped material produces a steel equal or superior in a peg en On Cauemanaemon Seances 
reat- | quality to that obtained by the treatment of raw blocks. +” Te caeiitin of ce ici sialaciin ieee 
a. It is assumed that the destruction of dendritic nae ceil Ae. h tabilisati & iD gt h 
substances, and the changes in crystalline structure, y subjecting them to stabilisation annealung at hig 
result in an improvement because diffusion promotes temperatures straight from rolling and forging. This 
such uniformit operation increases the impact strength for notched bars 
uring vil by 2-3 mkg./cm.”._ The annealed properties also com- 
cture f Summary of Results. pared favourably with those produced by other methods. 
nese- 1. A prolonged stabilising heat treatment carried out The treatment has economical advantages. 
before hardening appreciably improves the qualities of 2. High temperature annealing of ready formed parts 
alloyed and unalloyed steels, particularly the impact effects a considerable improvement in notched bar impact 
strength and per cent. elongation. strength (50%), elongation and reduction of area, 
_ 2. The annealing reduces the incidence of crystalline segregations and local stresses are reduced without the 
disturbances, notably dendritic films and inclusions. danger of superheating phenomena. 
It also decreases alloy liquation and effects an even Both treatments help the producer to attain the high 
dispersion of oxides and sulphides. standards demanded by the consumer. 


DIVING SPEED CALCULATION 
By Dirt. ING. E. KENNEL, Konstanz. (From Luftwissen, Vol. 10, No. 2, February, 1943, pp. 51-52). 





Wuitst airscrew thrust and weight of aircraft are con- a : 
stants, the drag and lift caecuaiatet the dive change, as Pea eae <e 
the aircraft passes strata of air of varying density. Thus, At the beginning of the dive (altitude H) the air- 
the diving speed changes continuously along the dive craft has zero vertical velocity. If h is the critical 
path. altitude corresponding to maximum diving speed, 
One can differentiate two stages : H—  h = g, is the vertical distance travelled, then the 
ny . (1) The accelerated part of dive and (2) the “ sta- work done along this distance is (W. sin ~) s and equal 
iP Uonary ” dive or the diving-proper. to the kinetic energy on reaching height h. 
p 0) = = ——- of Boy 99 the meoienieg force io 
gto and the dra must be in equilibrium: P = W. : : ‘ 
°C. F The acceleration is due toa comniead thrust S exerted by Thus, (W. sin @).s = 2 (v sin ¢)?. a +» () 
L. the airscrew, and the weight G of the aircraft. Thus, 


With » being the inclination of the flight path Substituting eq. (1), 








fe) 2 oa 06 O8 % (10 
Fig. 1. The increase in 
diving speed up to the 


critical altitude. 


Fig.2. Equilibrium of forces 
in a dive. 








G 


(S + Gsin g).sing.s = — (vsin 9), 
2 


and withs = H— h 
S+Gsing, 





v= 





G sin 9 


The diving speed v increases parabolically from zero 
at height h = H to a value vp ie to height 


h=0. This is plotted in Fig. 1 


(2) Consider now the aircraft when reaching maxi- 
mum diving speed ; with due regard to the inclination of 
the flight path, the weight, lift, thrust and drag must be 


in equilibrium (Fig. 2). 


In the direction of flight 


W=Gsing+S ss .. (4 


If p is the density of air at a particular height 


p 
W=cw-—vF.. as at, 4) 
2 


Herefrom, and using equation (4) 
ee ets . 
Pp Cw 


As p = - (y = specific weight of air, g = accelera- 
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Fig. 3 Graphical solution of the pressure ratio B/Bg. 
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. : b ; 
tion of gravity) and y = yo be’ above equation becomes 


v= /Gsing +S2ge1 1 bo 





F Yo Cw b (6) 
The ratio 2 can be found from the standard 
~R 
barometric formula h = Ze [: —(P°)* ] 
to bo = — oe ZS (7) 


h 
| et 
( Tr aR 
In the above indices 0 refer to a ground level, 
a = lapse rate ( = 0.0065 °C/m), R = gas constant 
(= 29.27), To = absolute temperature ( = 288°C), 
bo = 760 mm. Hg, yo = 1.2255 kg/m*. In the critical 
height h corresponding to maximum diving speed y 
from eq. (3) is equal to the speed of the diving proper, 
eq. (6). 
Thus, from eqs. (3), (6) and (7) follows 
G sin bo 
h = H — ———_.. — 
F cw Yo b 


using the barometric formula for h 


G sin 7 bo 
=f (= "|=8 <A 
F cw yo b 


This is an equation of higher order with one un- 
known, and can be solved graphically only. To this 
end the equation is split into two parts, each represented 
by a curve, the intersection of which gives b/bp. Thus, 
h can be determined, and this value in conjunction with 
eq. (6) and (7) yields the maximum diving speed. 


Gsing+S,. °+#&=&31- 
Saag, 
Cw Yo i—*) 


Example. 

An aircraft of weight G = 2000 kg, wing area F = 
16 m? starts to dive at 8000 m, and should finish it at 
1000 m. During the vertical dive the throttled (but not 
idling) engine develops a constant thrust S = 100 kg. 
The total drag coefficient of the aircraft with pista is 
Cw = 0.12. The maximum diving speed at 100 m. is 
to be determined, taking the international standard 
atmosphere as a basis. 


Eq. (8) yields 


288 b \ 0.0065 x 29.27 
SESE [ -(=) | =8000— 
0.0065 bo 


2000 x 1 bo 


16 x 0.12 x 1.2255" b 
b 
and putting —— = X 


oO 
X1.1903— 0.819 X — 0.0192 = 0. 
Now it can be written : X1.1903 — Yy and 0.819 X + 
0.0192 = Y., so that Y,— Y, = 


The first of these equations y, = X1.1903 represents 
a parabola of higher order, the second a straight line. 
The intersection of these two curves is found graphically 


and gives the value x = Ms : 
oO 


For y, = f (x) the co-ordinated values are 
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x} 0| 01 | 04 | 05 
y, | 0 | 0.064 | 0.336 | 0.438 , 


for y2 = f (x) the values are 
x| 0 | 04 | 10 


y, | 0.0192 | 0.3468 | 0.8382 








From Fig. 3, at the intersection of the two curves 
X = 0.45, and thus, 


b = X bo = 0.45 x 760 = 342 mm. Hg. 


In standard atmosphere this corresponds to an 
altitude of 6242 m. Substituting into eq. (9) for (h) 
6242 m, the maximum diving speed v = 197.3 m/sec. 
710 km/h. 


In the same way, for h = 1000 m. 
v = 140 m/sec ~ 504 km/h. 


STRESS INCREASE 
By Dr. ING. A. WEIGAND. 


Ir is of importance to be able to calculate the stress 
increase which occurs at the rounded inner corner (E in 
Fig. 1) of thin-walled tubular sections, such as hollow 
air-screw blades under dynamic torque. 


The nominal shear stress due to the applied torque 


Mg is 
Mg 2F 
™=— wa so @) 


Ig 1 


where Ig is the torsional stiffness, 1 the length of the 
mean perimeter of the section, and F the area enclosed 
by the mean perimeter. Disregarding the possibility of 
buckling of the thin-walled section, the nominal stress 
(eq. 1) is correct for static torque. For dynamic 
torque the stress concentration in the corners can be 
calculated approximately (C. WEBER, Z.f. angew. Math. 
u. Mech., Vol. 2 (1922), p. 301). Denoting by p the 
distance of a point from the centre of curvature (Fig. 2) 
and by 7 the shear stress, then 


dr T Mga 
+—=2— ae ee 1) 
dp p Ig 





holds good approximately. Eq. (2) follows from the 
differential equation of the stress function, assuming a 
dependence from p only. 


From eq. (2) 


t= —p—— ne aa, 6) 





Fig, 1, 


Cross section of a 
hollow tube. 


AY 


Fig.2. Notation to corner 
of section. 


The speed in the vertical dive decreases almost 
linearly, and is plotted in Fig. 4. 





8000 overNN. 6000 4009 2000 ° 


Fig. 4. 


Speed during accelerated dive and diving 
proper. 


IN HOLLOW SECTIONS UNDER TORSION. 
(From Luftwissen, Vol. 10, No. 2, February, 1943, pp. 49-50). 


The constant of integration c can be determined, 
since the shear flow at the corner must be equal to that 


over the flat part of the section. Thus, 
Pa 
[rdp=rot ae 
pi 


where t = wall thickness, pag and pj outer and inner 
radii (Fig. 2). 
Substituting for 7, the right hand side of eq. (1) 


r 2F __ pat Pi 

tt 2 
r= Me it Oe ees .. 6) 

p In Pa 

pi 
The maximum shear stress tmax Occurs at p = pj. 
Defining =... Ox aS a stress concentration factor, 

T 


Oo 
and putting pa = pj + t, one obtains 
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Fig. 4. Stress concentration factor “x. 


t 
In ( io ) 
Pi 
By using dimensionless coefficients, for 
ike: t 
—=Aj—= pe .. .. (7) 
2F Pi 
eq. (6) can be rewritten 
1+/ 
an »__/ wk: Ie 1 | .. (6a) 
In (1+}) n(Ql+P) op 


Based on this approximate formula the influence of the 
shape of corners can be easily assessed. 


od 
; 1+ 2 1 
The functions f, (14) = wan f, (H)= inite) B 


are shown in Fig. 3, while ax is plotted for a few values 
of A as parameter in Fig. 4. Example: For the cross 
section of a hollow airscrew 1 = 43 cm, F = 48.6 cm?, 
t=0.4 cm, pj=0.1 cm. Herefrom, A = 0.177, 
pe = 4, f, (4) = 2.487, f, (“) = 1.615 and ox = 2.20. 

This stress increase explains the occurrence of flaws 
observed on the blade. 


THEORY OF THE POTENTIAL AND THE 
TECHNICAL PRACTICE OF ELECTRO- 
DEPOSITION 


(From Technical News Bulletin, No. 316, August, 1943, 
p. 61). 

A PAPER by Charles Kasper which will appear in the 

Transactions of the Electro-chemical Society deals with 

the effect of the terminal on the current distribution 

over an electrode in an electrolytic solution. Oddly 

enough, in the literature of electro-chemistry no paper 
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has dealt with this subject, in spite of the apparent wide 
appeal of such a publication. The present paper aims 
to fill the need and to make available to electro-chemists 
an outline of the knowledge of mathematical physics 
through which it is possible to obtain definite ideas con- 
cerning the terminal effect. 

Only one other paper in any literature deals with the 
terminal effect of an electrode in an electrolytic system, 
This is by Chester Snow and was published in J, 
Research N.B.S. 17, 101 (July, 1936) R.P.905. In the 
present paper the subject is extended to other possible 
mathematical models that may be of practical impor- 
tance in modern electro-plating engineering. It js 
particularly in the recently developed continuous pro- 
cesses of electro-plating of strip steel and round wire 
that dimensions (of the electrode) are encountered where 
the effect no longer may be of secondary importance or 
insignificant. It definitely must be taken into con- 
sideration in the “ acid tin plating ”’ of sheet steel for 
which so many installations are being erected at the 
present time. With these large scale installations there 
is the element of geometrical simplicity in the plating 
arrangement which is ideal for the application of mathe- 
matical methods, and the results obtained should be of 
value to the plant designers. 


THERMAL EXPANSION OF COPPER 
ALLOYS 


(From Technical News Bulletin, No. 316, August, 1943, 
pp. 61-62). 


A PAPER (R.P.1550) by Peter Hidnert and George 
Dickson in the August number of the Journal of Re- 
search, gives data on the linear thermal expansion of 
some industrial copper-nickel, copper-nickel-aluminium, 
copper-nickel-tin, and miscellaneous copper alloys 
(copper-tin, copper-lead-antimony, copper-manganese- 
aluminium, copper-nickel-iron, copper-nickel-zinc, 
copper-nickel-tin-lead, copper-nickel-zinc-iron, copper- 
tin-zinc-lead, copper-zinc-iron-manganese) for various 
temperature ranges between 20° and 900°C. The 
addition of 3 per cent of nickel or the combined addition 
of 4.5 per cent of nickel and 5 per cent of aluminium to 
copper was found to have little effect on the linear 
thermal expansion. The effect of various treatments on 
these copper-nickel and copper-nickel-aluminium alloys 
was also small. 

The coefficients of expansion of two copper-nickel- 
tin alloys containing 20 and 29 per cent of nickel were 
appreciably less than the coefficients of expansion of 
copper for temperature ranges between 20° and 600 
C., the coefficient of expansion of the copper-nickel-tin 
alloy containing 20 per cent of nickel is about 16 per 
cent higher than the coefficient of expansion of copper. 

Three copper alloys containing more than 28 per 
cent of nickel showed the smellest coefficients of ¢x- 
pansion of the miscellaneous alloys. 

The coefficients of expansion of the copper alloys 
reported in this paper were found to be between 14.) 
x 19-6 and 20.4x10-§ per degree centigrade for the 
range 20° to 100° C, 
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TECHNICAL NEWS 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “ The Engineers’ 
Digest,” or by writing direct to the manufacturer and | 4 NOTES 
mentioning *‘ The Engineers’ Digest” as a source. 
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NEW EQUIPMENT 


DIAGRAMS ON METAL SURFACES BY 
PHOTOGRAPHY. 


A NEW process announced by Kodak Ltd. during the past few 
months by which diagrams or drawings may be reproduced photo- 
graphically on any flat sheet material has exceedingly wide and 
important applications in the engineering or constructional in- 
dustries : for this reason a display of the process included in a trade 
exhibit by Messrs. Kodak Ltd. should repay a visit to the Annual 
Exhibition of the Royal Photographic Society now open at 16, 
Princes Gate, Kensington (closing on Saturday, October 9th). 

The method is of wide application for the precise reproduction 
of original drawings and designs for purposes which require the 
use of a flat metal, wood or plastic surface, either to ensure con- 
stancy of size in a design reproduction or to produce a finished 
component or template. 

The new process is likely to find its most important war-time 
application in facilitating the production of sheet-metal aircraft 
components, for which purpose it is already fully established in 
America and rapidly becoming so in this country. Instead of 
carrying out the usual scribing operations on the sheet metal by 
hand from the workshop drawing, the metal is itself photographi- 
cally sensitised, and the workshop drawing reproduced photo- 
graphically, and with precision, on the actual metal to be used for 
the component or for the preparation of a template. This photo- 
graphic operation takes only a fraction of the time needed for manual 
scribing of the detailed drawings involved and has the further 
advantage of ensuring accurate reproduction when more than one 
template or component has to be marked out. ~ 

Among workshop methods of sensitising, the Transfer Sensitis- 
ing Process now introduced by Kodak Ltd. has the advantage that 
it entails very little manipulative skill and can be used to sensitise 
any flat sheet material. It makes use of a ready-made photographic 
coating, temporarily borne on a paper base, from which it is trans- 
ferred to the surface to be sensitised. The transfer operation 
involves preparing the final surface with a coat of lacquer, applying 
the “ Kodak ” Transfer Sensitising Paper to it by lamination under 
a roller squeegee and finally stripping the paper base away. This 
technique of sensitising is clearly shown in one panel of the exhibit. 

The original drawing may be either on opaque white-lacquered 

metal or on a translucent drawing material. If translucent, the 
original can be used for printing directly on to the sensitised surface. 
If the original drawing is opaque, any of these methods may be 
employed : first, an intermediate negative may be made by copying 
with a camera: or second, an intermediate negative may be made 
by reflex copying: or, third, instead of making such a negative, a 
reflex copy may be made on Transfer Sensitising Paper, this exposed 
sensitive layer being transferred to the final sheet of metal before 
processing. These various forms of reproduction are illustrated 
by specimens. 
_ Actual examples of the use of this Transfer Sensitising Process 
in industry are on view. Messrs. Handley Page contribute a series 
of specimens for aircraft manufacture, including particularly a 
typical 8 ft. x 4 ft. reproduction. Messrs. Marconi Instruments 
Ltd. and the Accurate Recording Instrument Co. have supplied 
examples of instrument dials and instrument panels produced by 
means of this process. In addition to the simple process of image 
transfer the process lends itself to more elaborate modifications in 
which more ornamental or robust forms of image may be obtained 
by using the photographic image as a gelatine stencil for lacquer- 
design finishing, silver plating or etching. 


FUSION WELDING OF 
WROUGHT ALUMINIUM ALLOYS. 


ALTHOUGH aluminium has been welded successfully for some 40 
years, there are still a great many in industry who are not familiar 
with the technique required fer fusion welding of aluminium, 
whilst even less is known about the welding of the alloys. 

This 52-page booklet deals first of all with the underlying reasons 
for the various difficulties encountered by operators inexperienced 
in the welding of aluminium. For example, the reasons for the 
difficulty of seeing exactly when fusion takes place, and the necessity 
for using flux mixtures of a certain type are explained. Then the 
Bulletin describes how the characteristics of the metal affect the 


welding procedure required for each of the fusion processes. A 
table is included summarising processes recommended for each 
type of aluminium alloy. 

In addition to full descriptions of the oxy-acetylene and 
other oxy-gas methods, details are given of the metallic arc process, 
as well as several other processes not hitherto described in publica- 
tions of this nature, such as the Weibel and Technotherm methods. 

The Booklet is very fully illustrated with both photographs and 
diagrams, particularly on those pages devoted to the preparation 
of the work, and the various welding techniques—leftwards, vertical 
upwards, etc. Flux compositions are summarised, and the methods 
of finishing, including removal of flux residues, are detailed. 

Seven tables summarise basic data, such as gas consumption, 
electrode size and current requirements, and even the information 
required for estimating welding costs. There is also a short section 
on the inspection of fusion welds, with diagrams giving added point 
to the text. 

Copies may be obtained upon request to the Wrought Light 
Alloys Development Association, Union Chambers, 63, Temple 
Row, Birmingham, 2. 


HEAT — ) 
TREATMENT 
SPECIALISTS | 


ON APPROVED LIST @ Case Hardening and straighten- 
OF ing up to 8 ft. long. 
Hardening all Classes of Sub. and 
AIR MINISTRY High Speed Steel Tools, Bake- 
AND ADMIRALTY lite Moulds and Press Tools. 
Hardening by the Shorter 
Process. 
Cyanide Hardening, Capacity 3 
tons per wee 
Springs: Any size, shape or 
quantity. 
Aluminium Alloys Heat Treated 
to A.I.D. Specifications. 
Heat Treatment of Alloy Steels 
up to 10 ft long 

Heat Treatment of Meehanite 
Castings, etc. 

Crack detecting on production 
lines. 

Chemical blacking to A.I.D. 
Specification. 








THE 
EXPERT TOOL & CASE HARDENING CO. LTD. 


(Est. 1918) 








Phone LIBERTY 2273-4 


MORDEN FACTORY ESTATE : LONDON : S.W.19 


And GARTH ROAD, LOWER MORDEN, SURREY. 
Telephone: Derwent 3122 
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GAUGE AND TOOL MAKERS’ ASSOCIATION. 


THE first annual general meeting of the Associaticn was held on 
the Ist September under the presidium of Mr. F. W. Halliwell, 
M.I.Mech.E., Chairman of the Association. Mr. H. H. Harley, 
C.B.E., after referring in his presidential address to the satisfactory, 
development of the Association, has recommended all members to 
send the Secretary particulars of the scope of their plant, and the 
type and amount of work they were in a position to undertake so 
that a Register might be compiled for dealing with urgent enquiries. 
The meeting elected for the 1943-1944 session the following members 
Council: F. W. Halliwell, M.I.Mech.E., Chairman ; H. S. Holden, 
Vice-Chairman ; Capt. Cc. R. Cook, Hon. Treasurer ; 3; and G. A 
Barrett, A.M.I.P.E.; A. Bell; A. its Dennison, M.I.P.E. ; J. 
Fox, B.Sc., A.M.I. Mech.E. ; 1. H. Harley, C.B.E. (President dt 
the Association); F. O. Horstmann ; R. Kirchner, M.I.P.E., 
A.M.I.Mech.E.; A. J. Mollart, M.LP-E. ; A. E. Morrison, 
M.I P.E. ; T. Ratcliffe ; H. J. Rowe and L. H. Wadsworth, A.M.I. 
Mech.E., M.I.P.E., Members; Mr. Gilbert T. Beach has been 
elected Secretary. The offices of the Association are at Stand- 
brook House, 2-5, Old Bond Street, London, W.1 


RE-USING “USED” BALL AND ROLLER BEARINGS. 


A SCHEME for re-using “ used ”’ ball and roller bearings and com- 
ponent parts has been started by the Bearing Control, Ministry of 
Supply. This official action is unique in the history’ of war pro- 
duction. 

The scheme, which will ease the demand for new ball and roller 
bearings and effect economies in the use of material and manpower, 
aims at putting back into service used bearings which, in many 
instances, are perfectly suitable for secondary jobs, such as con- 
veyors, castors, low price plummer blocks, ball mills, etc. 

A former clothing factory near London is the pioneer depot for 
this work. As the scheme got under way tons of bearings of all 
types and sizes began to pour in from sources all over the country. 
Then the real work began. 

The bearings are first of all unpacked and then sorted into various 
sizes. After grading, the bearings are washed in paraffin to remove 
all the grease. A first inspection decides if they are fit for further 
service, and then the stained surfaces are cleaned up. Two small 

‘nicks ” are ground on the radius of the outer ring to show that 
the bearings are second-hand. They are then finally inspected, re- 
greased, wrapped and ready for distribution. 

Bearings considered to be too worn are broken down to recover 
balls and rollers, which are used for ball mill purposes (paint grind- 
ing, etc.). The residue is sorted into different scrap metal grades 
—brass, chrome steel, mild steel, duralumin, etc.—to facilitate 
usage by re-melters. 

The Depot uses a simple but ingenious device for size-grading 
used late. Two sloping steel bars about 3 ft. long are clamped 
together at top and bottom with a space between which widens out 
to pre-determined angles. The balls are fed at the top of the device 
by the operator. They roll down until the space between the bars 
exceeds their diameter, and then drop into compartments provided 
for the purpose. 


PLASTIC TREATMENT FOR POROUS CASTINGS. 


SINCE the appearance of our article on ‘“‘ The Bakelite Plastic 
Treatment of Porous Castings’ in our April issue, Messrs. Com- 
mercialstructures Ltd., who operate the process, have received 
approximately 1,000 castings for treatment at their Leyton Works. 

hey have achieved a high proportion of successes ; practically the 
only failures are due to insufficient care being taken by the owner 
properly to blank off the casting, so that it is not possible to apply 
the requisite pressure. 

Owners of castings wishing to submit them for treatment 
should, therefore, bear in mind that the joints must withstand a 
higher pressure than the test pressure specified. In all cases it is 
desirable that the joints withstand a minimum of 2,000 lb. per sq 
inch, even when the test pressure is below that figure. All apertures 
except the single 4” B.S.P. tapped hole needed for the reception of 
the Plastic fluid should be blanked off accordingly. With proper 
care in this respect, the proportion of castings which have been 
successfully treated is as high as 95%. 

essrs. Commercialstructure’s offer to treat castings within 
the limits of their own plant is still open, and they are also able to 
supply the necessary apparatus, should any firm desire to operate 
the process at their own works. 


PERSONAL 


Capt. Archibald Galbraith Walker, B.A., M.Inst.C.E., 
Managing Director of Messrs. Walker Brothers (Wigan) Ltd., 
Pagefield Ironworks, Wigan, has died recently. In charge of the 
technical management of the firm, Captain Walker was engaged, 
in recent years, on work in connection with large air and gas com- 
pressors, research on de-humified compressed air, and the 
design and construction of railway vehicles, mobile cranes, and 
Diesel railcars. 

Major H. R. Kilner, M.C., has been elected President of the 
Society of British Aircraft Constructors. 

Mr. R. G. Sharpley, J.P., Chairman and Managing Dir2ctor 
of Messrs. Ruston and Hornsby Ltd., is relinquishing the latter 
position at the end of the year. Mr. Sharpley will be succeeded 
by Mr. Victor W. Bone, Managing Director of Messrs. Ruston- 
Bucyrus Ltd. Mr. Ernest S. Everitt, at present Assistant 
Managing Director of Messrs. Ruston-Bucyrus Ltd., has been 
appointed as Managing Director to this firm to ucceed Mr. Bone. 
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Relays for A.C. 
and D.C., includ- 
ing Time Delay 
Relays, High 
Sensitive Relays, 
and complete 
control plants. 


Ask for leaflet 
SPN/ED. 


Multiple Contact Relay LF. Mercury Relay LQA, 


PROCESS TIMERS 





with easily interchangeable gear wheels 
and up to 20 cams. Ask for leaflet 
92B/ED. 


LONDEX LTD 


MANUFACTURERS OF RELAYS 


Anerley Works, 207 Anerley Road, London, S.E.20 
’Phone: Sydenham 6258/9 














AIR MINISTRY 


COMPARATOR : ae 


No, 89755/31. 
Designed to National Physical 
Laboratory specification. N.P.L. 
Certificate of accuracy supplied 
if required. 


Capacity 6in. in height, throat 
depth 3in. Table: two supplied: 
with each machine, 2gin. and 
4Zin. diameter. Measuring range 
006in. reading in .0001in.: 
Width between graduations 
approx. jin. Manufactured in, 
our own works and in use iny 
our own Gauge Department. 


MOLLART ENGINEERING CO. LTD. 
KINGSTON BY-PASS, SURBITON, SURREY. 


TON 
Telephone: ELMBRIDGE 3352-3-4-5 Telegrams: PRECISION, SURBITO 








